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(54) Modular type power semiconductor apparatus 



(57) An IGBT unit of a power serrtconductor module 
which comprises a plurality of insulation substrates 
each of which mounting a plurality of semiconductor 
devices thereon which are to be operated in parallel 
within the module is provided. External terminals corre- 
sponcfing to each unit are disposed outside the module 
for parallel operation thereof, thereby minimizing induct- 
ance between respective semiconductor devices and 
their wirings. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a power semicon- 
ductor apparatus, and in particular, it relates to a mod- 
ule structure suitable for a large capacity and high 
voltage semiconductor apparatus which has realized an 
improved reliability of operation. 

There have been known various types of power 
semiconductor modules which are comprised of her- 
metically sealing power semiconductor devices such as 
IGBTs, diodes, transistors and the fike in an insulated 
case. These modules are applied to various types of 
inverters depending on their respective withstand volt- 
ages and current capacities. In particular, IGBTs are 
known to be easy to control since they are a voltage 
control type device, and have advantages such that they 
enable a targe current high frequency operation and so 
on. Further, in most cases, they have a module struc- 
ture in which semiconductor devices and intra-module 
wirings are mounted on an insulated substrate for the 
convenience of its use, and thereby that its metal sub- 
strate in the bottom of the module and its current con- 
duction portions are electrically insulated inside the 
module. A current capacity of the module is determined 
by a current capacity of each semiconductor device 
mounted inside the module and the number of semicon- 
ductor devices connected in parallel therein. A domi- 
nant factor which determines the current capacity of 
each semiconductor device is assumed from the intrin- 
sic property of the semiconductor devices to be a sur- 
face area of the device. However, provided that the 
number of defects per unit area of semiconductor 
devices is the same, then its surface area is increased 
substantially, Hs yield wiD decrease accordingly. There- 
fore, it is more advantageous to increase the number of 
semiconductor chips to operate in parallel rather than to 
increase the surface area thereof, in particular, when 
the surface area becomes greater than 20 mm squara 
Thereby, when designing a module having a larger cur- 
rent capacity, the number of serrriconductor devices 
increases necessarily in proportion to an increased cur- 
rent capacity. Further, it is also advantageous to cSvide 
an insulating substrate to mount semiconductor devices 
thereon into a plurality of insulating substrates in order 
to ensure the mechanical strength of the substrate, pre- 
cision of size, reduction of cost and the like, and further 
to provide internal wiring for connection between 
respective substrates inside the module. 

As disclosed in JP-A Na61 -13905, a current con- 
centration on any part of respective semiconductors to 
be operated in parallel is prevented by equalizing each 
distance from each semiconductor to the external termi- 
nal of the module, namely, by equalizing resistance and 
inductance of each terminal wiring. Further, as dis- 
closed in JP-A No 7-2818, occurrence of inductance 
within the module is reduced to minimize a loss of mod- 



ule operation by mutual inductance effects by disposing 
main terminal wirings in proximity to each other and 
such that their currents flow in the opposite direction 
inverted by 180 degrees. 

5 The profile of terminal wirings within the module is 
normally provided in the form of an S-type bend struc- 
ture so as to ensure the strength of solder bonding by 
reducing stress due to thermal deformation of the mod- 
ule imposed on the solder bonding connecting between 

10 the wiring pattern provided on the insulating substrate 
and the inter-terminal wiring, or alternatively by increas- 
ing the surface area of solder bonding. JP-A No.53- 
1 19676 cSscloses another type of such bend structure in 
which a part of terminal is provided with a bend portion 

75 or a spring structure so as to absorb deformation 
thereby reducing stress on the solder. Further, each 
position of each inter- terminal wiring is connected at an 
equal distance on each insulating substrate for respec- 
tive serniconductors to be operated in parallel. In the 

20 case where a plurality of insulating substrates are used, 
their inter-substrate connection was made at the same 
position in order to share as many components having 
the same substrate structura 

Control wirings for the gate, or for detection of cur- 

25 rents of emitter and collector within the module are pro- 
vided as disclosed in J P- A No.59-84458 so as to ensure 
freedom of shape, adequate insulation, cost reduction 
and so on, in which external terminals are provided inte- 
grated in the resin of the module, and electrical connec- 

30 tion between the external terminal and its terminal 
wiring on the insulating substrate is provided using 
coated wires. Further, in the case where a plurality of 
insulating substrates are used, for simplification of intra- 
module wirings, after having bonded with solder 

35 between the bottom metal plate and the plurality of insu- 
lating substrates, inter-wiring between the plurality of 
insulating substrates is provided using metal wires, then 
the external terminal for external connection outside the 
module is provided only via one of the plurality of insu- 
40 lating substr ates . As to fixing of these terminals at their 
respective places within the module, in most cases it 
depends on stiffness of each terminal wiring itself, and 
in particular, with respect to the control wiring, since a 
quantity of current flowing through its terminal is very 

45 small, its terminal is provided very thin and narrow, 
thereby requiring a guide to support the terminal to be 
provided in the resin of the module or integrally forming 
by embedding it in the corresponding position in the 
resin. 

so The above-mentioned prior arts are associated with 
the following problems. 

In the case there exist more than three insulating 
substrates within a module, it is known to dispose these 
insulating substrates concentrically with respect to the 

55 center of an external terminal of the module in order to 
equalize each wiring extending from each internal ter- 
minal junction on each insulating substrate to the exter- 
nal terminal of the modula However, rt is very difficult to 
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provide for an equivalent wiring length to every termi- 
nals. Further, rt is also known to provide for a bent wiring 
whereby a part of terminal is bent 1 80 decrees from the 
other part thereof to provide for a current path in the 
opposite direction so as to equalize apparent wiring 5 
inductances from each insulating substrate to the exter- 
nal terminal by the mutual inductance effect thereof. 
However, this method involves a problem that the pat- 
tern of wiring becomes very complicated and that its 
wiring resistance increases substantially. Still further, 10 
there arise such problems, when a large current capac- 
ity module is required and the number off insulating sub- 
strates to be operated in parallel in the module 
increases, and when a whole inter-substrate wiring is 
done inside the module, that intra-module inductance 75 
increases substantially, or that Hs wiring volume 
becomes greater proportional to an increasing current 
capacity, thereby increasing the terminal resistance and 
lowering processibi&ty. 

Further, according to a prior art method for cance- 20 
ling intra-module inductance by mutual inductance by 
overlapping the emitter terminal wiring and the collector 
terminal wiring in which their main currents flow in the 
opposite directions, when its current capacity increases 
and thereby its terminal width is broadened, there 2s 
arises such a problem that it becomes difficult to dis- 
pose its terminal erected vertically to the metal plate of 
the bottom of the modula According to the method of 
reducing the wiring inductance by overlapping the emit- 
ter terminal and the collector terminal parallel with the 30 
bottom metal plate, there is a difference in heights 
between the emitter and the collector terminals from the 
circuit wiring junctions on the surface of the insulating 
substrate. Thereby, their bent wiring which electrically 
connects between their terminals and the circuit wiring 35 
junctions on the insulating substrate and absorbs defor- 
mation of the module so as to minimize strain imposed 
on solder bonding has a different height Since the 
height off terminal bent wiring substantially affects the 
deformation absorption effect in the module, there 40 
arises such a problem that reliability in solder-bonded 
junctions will vary for those between the upper terminal 
and the lower terminal overlapped in parallel each other 
and having a different height Further, according to the 
method of increasing the area of terminal junctions in 45 
order to improve the strength of solder bonding, defor- 
mation of the module wiD act on the insulating substrate 
via respective terminate, thereby causing a problem that 
the circuits formed on the surface of the insulating sub- 
strate peel off or the insulating substrate breaks, or that so 
the area of the moc&jle increases subst a ntially. 

StiD further, a value of strain imposed on a solder 
bonding at the terminal junction wOl vary depending on 
which part of the module the solder bonding is located 
when the size of the module increases necessitated for 55 
affording a large capacity. Namely, in proportion to acfis- 
tance from the center of the module, a quantity off defor- 
mation of the module due to a temperature change 
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becomes varied, thereby varying the strain imposed on 
the solder of wire bonding connecting between the ter- 
minal fixed on a case which houses the module and the 
circuit wiring on the surface of the insulating substrate in 
the modula The conventional S-type bend wiring 
absorbs deformation of the module only in the directions 
of height of the module and parallel to the bend direc- 
tion. Therefore, when the bend is disposed toward the 
side end portion of the module which is perpendicular to 
the direction of the bend, there occurs a problem that its 
reliability of solder bonding deteriorates. 

For facilitating module packaging, even in a large 
capacity and large-sized module, a gate terminal, an 
emitter sense terminal and a collector sense terminal 
for controlling the module are interconnected between 
respective substrates within the module, and they are 
joined at one terminal respectively outside the modula 
However, it is difficult in practice to provide for an equiv- 
alent distance for respective insulating substrates in the 
module from the external terminal outside the modula 
In particular, when the module includes 6 or more insu- 
lating substrates, a difference in distances off respective 
terminal junctions on the insulating substrates from their 
associated external terminals outside the module 
becomes greater, thereby causing a problem that there 
arises a time lag in operation between respective cir- 
cuits on respective substrates. StiD further, when a cov- 
ered wire Is used for the control wiring, although there is 
no problem with respect to electrical insulation, there 
occurs such a problem that it is difficult to fix it in the 
module and that a noise is caused due to electromag- 
netic induction from the main terminals depending on its 
position of layout 

Further, there occurs a difference of potentials 
according to their rated capacities between respective 
terminals within the modula When the module 
increases its capacity (to have an increased withstand 
voltage), unless an adequate and precise gap is 
ensured between respective terminals, there arises a 
problem that insulation deterioration takes place inside 
the modula A structure to ensure an adequate gap 
between respective terminals depending on stiffness of 
the terminal is comprised of, for example, providing a 
guide to part of the wiring. Depending on the shape of 
the guide, there may occur a void in the resin which is 
tiled into the gap between the terminals. This void may 
provide a path for discharge, thereby deteriorating the 
insulation. 

Stfll further, the above-mentioned prior arts are 
associated with the following problems. 

A creep distance will increase with an increasing 
rating (withstand voltage of devices) of the modula In 
the case of a high voltage device, the height of its mod- 
ule inevitably increases in order to secure an adequate 
creep distance, that is, a cfistance between the metal 
substrate in the bottom of the module and each termi- 
nal. Further, it is also necessary to broaden a gap 
between respective terminals. However, an of these 
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arrangements necessitated above will prevent provision 
of a more compact-sized module. Further, there is 
another problem that the terminals cannot be placed in 
the peripheral portion of the module in order to secure a 
sufficient creep distance between the metal substrate in 
the bottom of the module and the terminals over the 
substrate, which is a distance of a height of the module 
plus a lateral distance to the terminals. On the other 
hand, there is also a problem associated with inter-mod- 
ule wiring that when the width of its inter-module wiring 
becomes broader than the width of the terminal, its 
creep distance is reduced by a difference of width ther- 
ebetween. In particular, when parallel plate electrodes 
are used in order to reduce inductance due to inter- 
module wirings, since these parallel plate electrodes 
are disposed to cover the upper surface of the module, 
any insulating wail which is provided higher than the 
upper surface of the main terminals wiD obstruct layout 
of wiring. It is further necessary to ensure an adequate 
distance between the wiring and the upper surface of 
the module including the insulating waO for securing an 
adequate creep distance from the wiring. These prob- 
lems and disadvantages, however, have not been con- 
sidered heretofora In adcfition, in the case where an 
insulating wall or groove is provided in the form of char- 
acter in order to secure an appropriate creep dis- 
tance from any particular terminal, there is a 
disadvantage that the cfirection of leading out of the wir- 
ing is limited to one direction which is not closed to out- 
side Further, when a groove in the form of □ is 
provided, since the thickness of a resin portion of the 
module under the groove becomes thinner, there occurs 
a problem that a fastening strength for fastening the ter- 
minal is limited. Still further, another problem occurs 
that dust is collected in the insulating groove while in 
use, thereby degrading its insulation effect 

In a module having a plurality of external terminals 
for each polarity, and where there is a difference in the 
pitch between respective positioning of respective 
external terminal connections relative to the pitch 
between respective components in the module, that is. 
the pitch between respective fastening bolts, it becomes 
necessary to provide for a terminal corresponding to 
each, as a result, the number of components that con- 
stitute the module increases, thereby causing a problem 
resulting in an increase of cost and complication of 
manufacture. 

When a beam is provided in part of the casing in 
order to reduce warp of the module, the size of the mod- 
ule increases by an added portion of the beam When 
the overall size of the module increases further to afford 
a larger capacity, the same size of the beam wfll not 
assist any further to reduce quantity of the warp since 
its effect becomes smaller. Further, in the case where a 
counter-warp is provided in the base metal substrate in 
advance in order to secure flatness of the module dur- 
ing operation, it cannot suppress variation in the flat- 
ness of the base metal substrate due to temperature 



changes during operation of the module Thereby, there 
arise such a problem that silicone adhesive which 
bonds the metal substrate in the bottom and an organic 
resin case which houses the module is caused to dete- 

5 riorate and peel off, or that grease appGed to ensure 
heat conduction between the metal substrate in the bot- 
tom and a heat Dissipation fin on which the module is 
mounted is caused to be lost by flowing out through 
deformation during operation, thereby reducing the 

10 cooling effect thereof. Further, according to a method of 
mechanically fastening the metal substrate in the bot- 
tom and the organic resin case using bolts in the direc- 
tion of major sides of the module, since fastening is 
provided only in the direction of the major sides of the 

75 module, directions of warp along the major sides and 
the minor sides of the module become opposite, render- 
ing a convex on one side and a concave on the other 
side thereby forming a saddle shape. Thereby, there 
occur such problems that the thickness of &ease varies 

20 in the surfaces of the module when packaging the mod- 
ule, thereby causing the coofing effect to vary depend- 
ing on respective areas, and thus causing temperatures 
to change between respective semiconductor devices 
within the module, and that since a sign of plus or minus 

2s for respective quantities of deformation in two orthogo- 
nal (Erections is inverted, additional stress imposed on 
the insulating substrate used within the module 
becomes greater, thereby causing a crack to occur in 
the insulating substrate. 

30 

SUMMARY OF THE INVENTION 

The object of the present invention is to solve the 
above-mentioned problems associated with the prior 

35 art, and to provide a large capacity module therefor. The 
object of the invention has been accomplished by the 
following arrangements and methods. 

In order for the inductance in the module to be min- 
imized and each current flowing through each semscon- 

40 ductor device to be balanced, a plurality of 
sem i conductor devices of an even number are disposed 
on an insulating substrate within the module, then a cir- 
cuit unit therefor which is comprised of an even number 
of such insulating substrates described above is con- 

45 structed by interconnecting therebetween for constitut- 
ing the module, then respective external terminals of the 
module are disposed outside the module corresponding 
to each circuit unit, and these respective external termi- 
nals corresponding to each circuit unit are intercon- 

so nected outside the module to drive the modula 

Intermediate level planes of terminals interconnect- 
ing between respective circuits formed on a plurality of 
insulating substrates within the module, and in which a 
main current collected from each terminal junction on 

55 the respective circuits flows are overlapped in the direc- 
tion of height of the module. A sum of total projected 
height (as viewed from the side of the module) of a por- 
tion connecting between each terminal and each circuit 
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on each insulating substrate is provided to be greater 
than a height of the intermediate plane of terminal which 
is in me upper direction of the rnodula 

S-type bend is used in part of wiring for connection 
between each terminal and each circuit on the insutat- s 
ing substrate, and positions of terminal connections are 
aligned linearly across the module in the center portion 
thereof in parallel with a side which is parallel with the 
direction of S-bend. Further, in order to align linearly 
respective positions of solder bonding which are in prax- w 
imity, S-bent portions are provided on both sides of an 
inter-substrate connection, and they are bent down 
such that respective positions of solder bonding are 
aligned linearly immediately below the inter-sii>strate 
connection. Further, with respect to the layout of termi- is 
rials, the main terminal which imposes a greater stress 
on the solder bonding is disposed in the center portion 
of the module so as to prevent a unidirectional concen- 
tration of a three-dimensional thermal deformation of 
the module, and control terminals are disposed in the 20 
peripheral portion of the modula WHh respect to layout 
of chips, in particular, a diode chip in which electric cur- 
rents are DkeJy to concentrate is disposed in the proxim- 
ity of the main terminal. When a plurality of diode chps 
are mounted on one insulation substrate, a plurality of 25 
main terminals are also provided on one insulation sub- 
strate in order to ensure respective currents to be bal- 
anced between respective semk»nductor devices. Wrth 
respect to layout of control wiring, gate wiring is dis- 
posed in the center portion of the insulation substrate, 30 
then respective semiconductor devices and circuit wir- 
ings on the insulation substrate are arranged symmetri- 
cally around the gate circuit 

Control terminals are wired in a loop in the periph- 
eral portion of the module, i.e., outer than the main ter- 35 
minai wiring, and in an orthogonal direction with respect 
to the direction of the main terminal such that a control 
current flows substantially in a vertical direction relative 
to a main current. Further, a gate terminal and an emit- 
ter sense terminal in which their currents flow in the 40 
opposite directions are stacked in a vertical cfirection of 
the module in order to reduce wiring space thereia StOl 
further, in order to minimize the effect of electromag- 
netic inductance from the main terminal, their terminals 
are disposed at a minimum gap from each other. 45 

A spacer made of insulating resin is used for secur- 
ing a creep distance for electrical insiiation between 
respective terminals within the modula 

The following features and functions of the inven- 
tion are realized through provision of the above-men- so 
foned means. 

It is most important for any large capacity IGBT 
module to ensure a balance of currents among respec- 
tive semiconductor devices operated in parallel. There- 
fore, it is particuJarty important to carefully design 55 
layouti ng on an insulation substrate of respective 
devices to be operated in parallel, layouting of plural 
insulation substrates, interconnection between the plu- 



ral insulation substrates, and routing of wiring to an 
external terminal of the modula For example, when 
operating a plurality of semiconductor devices in paral- 
lel, their operation can be well balanced if their terminals 
are disposed corresponding to respective semiconduc- 
tor devices, and their wiring from respective terminal 
connections to the external terminal outside the module 
is provided equivalent^. However, in order to eliminate 
layout interference or electrical interference between 
plural different types of terminals, the size of the module 
becomes greater, and terminal construction becomes 
complex, thereby inevitably increasing intra-module 
inductance and wiring resistance. In order to reduce the 
number of terminal connections taking into account bal- 
ancing of each distance from each semiconductor 
device, it is con t e m pl ate d that it is possible to layout 
most efficiently if the number of serrttconductor devices 
to be laid out on one insulation substrate is in an even 
number. Further, it is also contemplated that an efficient 
layout in the module for ensuring balanced operation 
can be realized if the number of insulation substrates 
which are interconnected within the module and must 
be operated in parallel with each other is in an even 
number. Further, the same effect can be achieved also 
by combining a circuit unit which includes an even 
number of interconnected insulation substrates as 
described above and another insulation substrate which 
is not provided as a circuit unit Still further, the circuit 
unit descrfoed above can be achieved by providing 
external terminals respectively to an even number of 
insulation substrates and connecting these external ter- 
minals outside their modules. 

In the large capacity IGBT module, an area of the 
module inevitably increases, thereby increasing the 
length of wiring within the module and inductance 
thereof, thus a high speed operation is hindered. 
Thereby, respective wirings are arranged as close as 
possible within the module to reduce the inductance by 
mutual inductance effect As a typical example of such 
a module construction, there is a method whereby two 
planes of main terminals in which their main currents 
flow in the opposite directions are stacked in the vertical 
cfirection of the modula This method provides another 
advantage that the wiring space within the module is 
reduced. However, this method has a disadvantage that 
since there is a difference in heights between these two 
sta c ke d planes of main terminals as much as by a thick- 
ness of the main terminal plus a distance for securing 
insulation therebetween, the effect of the bend provided 
for reducing stress imposed on solder which electrically 
connects the main terminal via its bend with the insula- 
tion substrate is weakened at one of the stacked main 
terminals which is to the side of the base. Thereby, the 
main terminal to the side of the base is folded again to 
form a bend to secure an adequate height and ensure 
the same effect to be achieved as that of the other main 
terminal which is disposed above the lower one. 

When we consider deformation in the large capac- 
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Hy IGBT module, rt is necessary to take into account 
deformation in the upper direction and in the planar 
directions in the module. For example, with reference to 
Fig. 11, the effect of the bend to absorb deformation is 
large in the cfirection of Z and the direction of X which is 5 
parallel with the direction of the bend, but is small in the 
direction of Y which is perpendicular to X. Therefore, the 
direction of bend in which a large stress is applied on 
the solder is aligned linearly fa respective main termi- 
nate of respective circuit units in the module in the w 
center potion of the module across both sides thereof 
which are perpendicular to the direction of the bend. 
Thereby, deformation in the module in the direction per- 
pendicular to the cfirection of the bend which is inher- 
ently difficult to be absorbed can be reduced by 75 
disposing in the center portion of the module as 
described above, thereby substantially improving relia- 
bility of solder bonding. 

In the large capacity IGBT module, it is necessary 
to arrange such that respective control wirings for the 20 
gate, emitter sense and collector sense are provided 
equivalency for respective insulation substrates which 
are interconnected and operated in parallel within the 
module. It is difficult, however, to provide an individual 
wiring from each terminal of such control wiring to its 2s 
associated external terminal hindered by other struc- 
tures within the module, mainly of the main terminals. 
Therefore, a wiring path from each terminal's junction of 
the control wiring to its associated external terminal is 
provided not by a single individual wiring but by a loop 30 
circurt which enables a shortest wiring route to be auto- 
matically selected from respective control terminal's 
junctions to the external terminal depending on their 
positions in the modula Thereby, more uniform and par- 
allel operation is achieved between respective insula- 35 
tion substrates, and improvements for faster switching 
capability and increased withstand voltage have been 
obtained. Further, prevision of control wirings of the 
gate and emitter sense wirings in close proximity from 
each other and as remote as poss&le from the main ter- 40 
rrrinals ensures the occurrence of noise due to electro- 
magnetic induction by the main current to be 
suppressed, and minimization of wiring space to be 
attained. 

For a high voltage module, it is necessary to ensure 45 
an adequate insulation distance to be maintained exter- 
nally outside the module as weO as internally within the 
module. In particular, with respect to internal terminals 
of the module which are liable to be deformed at the 
time of module assembly, they must be ensured to so 
maintain an insulation distance. Therefore, according to 
the invention, an adequate insulation cfstance or creep 
distance is ensured by providing a resin spacer. What 
should be considered at this time is that a structure 
around the resin space must allow silicone gel which is ss 
poured inside the module for ensuring electrical insula- 
tion to flow freely around the resin space For example, 
in a structure having a protruding nut and securing a 



gap between the nut and a terminal having a different 
potential, even if silicone gel is only partially filled in 
around the resin spacer, the terminal and its surround- 
ing is at least ensured to be covered by silicone gel. Fur- 
ther, provision of the spacer to secure a sufficient inter- 
terminal cfstance enables a positional adjustment 
between the terminals and a gap holding therebetween 
during assembly of the module. Still further, since it 
becomes possible precisely to maintain the effect of 
mutual inductance which is determined by a distance 
between the main terminals, variation of internal induct- 
ance within the module is minimized. 

According to still another aspect of the invention, 
the following means are used to accomplish the object 
of the invention. 

A semiconductor module of the invention having: a 
base substrate; an insulating substrate mounted on one 
surface of the base substrate, and bonded thereon at Hs 
one surface; a plurality of wiring circuits formed on the 
other surface of the insulating substrate; a plurality of 
semiconductor devices which are mounted at least on 
one of the plurality of wiring circuits; and external con- 
nection terminals electrically coupled to the plurality of 
wiring circuits, respectively, wherein the plurality of sem- 
iconductor devices mounted on at least one of the wir- 
ing circuits on the insulating substrate are characterized 
by being disposed concentrically around the center of 
an external terminal wiring connection on another one 
of the plurality of wiring circuits without mounting the 
plurality of semiconductor devices, substantially at an 
equal distance from the center thereof; and wherein the 
semiconductor module further comprises: a first auxil- 
iary terminal wiring which is electrically connected to 
still another one of the plurality of wiring circuits formed 
on the insulating substrate; and a second auxiliary ter- 
minal wiring which is electrically connected to the same 
wiring circuit as the external connection terminal wiring 
connection is connected to, and which is disposed 
between the wiring of the external connection terminal 
and the wiring of the first auxiliary terminal. 

The semiconductor module of the invention is com- 
prised by: forming a plurality of wiring circuits on one 
surface of an insulating substrate; mounting a plurality 
of semiconductor devices on at least one of the plurality 
of wiring circuits; electrically connecting the wiring cir- 
cuits with external connection terminals respectively; 
and bonding a plurality of insulating substrates at their 
opposite surfaces having mounted no semiconductor 
devices on a base substrate, wherein the semiconduc- 
tor module of the invention is further characterized by 
comprising: disposing the plurality of insulating sub- 
strates on the base substrate symmetrically with 
respect to a virtual center line across the base sub- 
strate; disposing the plurality of semiconductor devices 
on each of the pturafity of insulating substrates symmet- 
rically with respect to a virtual center fine across each 
insulating substrate; and wherein a maximum and a 
minimum radn of a circular arc connecting between the 
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centers of the plurality of semiconductor devices and 
the center of an emitter terminal connection on an emit- 
ter wiring circuit are specified to be within ±10% of an 
average radius therebetween; and a gate terminal wir- 
ing is disposed outer than the wiring of an emitter's aux- 
iliary terminal. 

In the case where 8 semiconductor devices are 
arranged in two rows in parallel, i.e., four by four, as dis- 
closed in JP-A Laid-Open No.5-206449. the side line of 
its collector wiring pattern on which to mount the 
respective semiconductor devices is formed along the 
side lines of semiconductor devices aligned linearly, 
thereby forming a long linear line in the direction of a 
major side of the insulating substrata When the number 
of semiconductor devices increases, and when they are 
aligned linearly, the length of the major side of the col- 
lector wiring pattern is more and more on the increase: 
Normally, when wire bonding between gate electrodes 
or emitter electrodes on semiconductor chips and a 
gate wiring pattern or an emitter wring pattern on the 
insulating substrate respectively associated thereto, 
wires for wire bonding are extended from respective 
gate electrodes and emitter electrodes on the semicon- 
ductor chips toward their associated wiring patterns in 
the direction substantially perpendicular with respect to 
the major sides of the wiring patterns. However, there 
occurs such a problem during wire bonding therebe- 
tween that the insulating substrate may crack due to a 
mechanical shock of contact between a wire bonding 
tool and the wiring patterns on the insulating substrata 
Further, when fastening a power module on a heat sink, 
the power module is normally fixed thereon with screws 
at four corners thereof. When the size of the insulation 
substrate increases, and further when the length of its 
major side becomes 1.5 times or more the length of its 
minor side, there is a problem that a crack may occur in 
the insulation substrate within the power module at the 
time of the above-mentioned screw fastening due to an 
increasing bending moment applied to a main material 
of the insulation substrate which is ceramics. 

The above-mentioned problem associated with the 
prior art has been solved by provision of the following 
steps according to the present invention: forming an 
emitter wiring pattern in the center portion of the insula- 
tion substrate; arranging a plurality of semiconductor 
devices concentrically around a center portion of an 
emitter terminal connection substantially at a same dis- 
tance therefrom such that any two side lines of any two 
adjoining semiconductor devices in the lateral direction 
on the insulation substrate are not aligned on a same 
linear line; and in particular, securing a maximum or a 
minimum radius of a circular arc which is a racfius dis- 
tance from the center portion on each serniconductor 
device to the center portion of the emitter terminal con- 
nection to be within ±10% of an average racfius therebe- 
tween. Namely, since no any two adjoining lateral Ones 
of any two adjoining semiconductor dtups in the periph- 
eral direction of the insulation substrate are on the same 



line, the length of any linear line portion of the wiring 
patterns can be minimized. Further, since respective 
semiconductor chips are not aligned linearly, it becomes 
possible to hold the length of a major side of the insula- 
5 tion substrate within 1 .5 times the length of a minor side 
thereof, thereby capable of provicfing an insulation sub- 
strate having a more square shape than the prior art 
shape. Thereby, the bencfing moment applied to the 
main materials of the insulation substrate which is 
w ceramics can be suppressed, thereby suppressing the 
occurrence of crack. 

Further, since respective semiconductor devices 
are arranged concentrically around the center portion of 
the emitter terminal wiring connection, it becomes pos- 
ts sible to uniformly distribute inductance components due 
to respective wirings from the emitter terminal wiring 
connection to respective electrodes on respective sem- 
iconductor devices. It is further possftxe to wire from the 
center portion to respective serniconductor devices at a 
20 mirurnum length of wiring since the respective semicon- 
ductor devices are disposed concentrically. Thereby, 
respective currents which flow through respective semi- 
conductor devices within the power module can be 
eq u alized 

25 According to still another aspect of the invention, 
the following steps are used to accomplish the object of 
the invention. 

An adequate creep distance is provided between a 
bottom metal substrate of the module and any intra- 

30 module wiring terminal which is further connected to an 
external terminal thereof, whose creep distance is 
ensured to be longer than a sum of distances obtained 
by adding: a distance in the vertical direction from a 
lower surface of the module in contact with the bottom 

3s surface of a bolt which was used for fixing the module 
on a heat cfissipation fin to a height of the wiring terminal 
which is further connected to the external electrode of 
the module; and a minimum distance of gap between a 
side wall of a case and its component having a same 

40 potential as that of the bottom metal substrate; plus a 
minimum distance of gap between the side wall of the 
case and the wiring terminal described above. For this 
purpose, a groove is provided in the surface of the mod- 
ule in contact with the bottom surface of the fastening 

45 bolt said groove having a minimum length of a1 which 
is necessary as a creep distance to secure insulation 
therebetween. Further, in order for the creep distance of 
the groove to be ensured to be effective, a gap of at 
least a1 or more is secured even in the closest proximity 

so between the case of the modiie and the module fixing 
bolt including its case ring in metal contact therewith, 
spring washer, flat washer which are at the same poten- 
tial as the bottom metal substrate: In addition, a step 
having a height of a1 or more is provided partially in the 

55 upper surface of the case which is in contact with the 
bottom surface of the main terminals. Further, respec- 
tive main terminals counterposed via the groove inter- 
posed therebetween have their bending directions 
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opposite to the direction of the groove. 

With respect to the shape of an inter-module wiring 
terminal, a position of each wiring connection, i.e., a 
center position of a connecting bolt for connecting the 
terminal and the wiring is changed for respective termi- s 
nals. 

In order to minimize quantities of warp of the mod- 
ule after its manufacture and of deformation due to tem- 
perature changes during its operation, a thickness of 
organic resin of the module in its major side is provided io 
thicker than a thickness thereof in its minor side. Fur- 
ther, fastening positions for fastening the resin case with 
the bottom metal substrate using botts are provided on 
every sides of the module in the periphery thereof. 

According to the above-mentioned steps and 75 
means of the invention, the following features and func- 
tions have been obtained. 

Provision of a creep distance by forming a groove 
or a wall having a width of a1 or more in the surface of 
the module which is in contact with the fastening bolt, as 20 
weO as by securing a minimum cfi stance of a1 or more 
between any metal part in contact with the bolt which is 
at the same potential as the bottom metal substrate, 
and the case wall allows to dispose terminals of the 
module, even if its thickness is small, in the peripheral 2s 
portion thereof still with an adequate creep distance 
being secured between the bottom metal substrate and 
its terminals. Further, since the terminals of the module 
can be arranged close to the peripheral portion thereof 
in proportion to the creep distance secured by the 30 
groove provided in the surface in contact with the bolt, 
wiring connection at the time of packaging becomes 
easy. Further, since the minimum distance of a1 is 
secured between the position of the fastening bolt and 
the case wall, and since even if the position of a case 35 
ring is elevated than the module surface which is in con- 
tact with the fastening bolt it does not affect the creep 
distance, thereby allowing the case ring to be elevated 
to reduce stress applied to the module fastening bolt 
Still further, by disposing any two terminals with a 40 
groove interposed therebetween and with the directions 
of bending of which terminals being in the opposite from 
the groove, a more precision inter-terminal creep dis- 
tance can be secured. Furthermore, since rise plate 
portions of respective terminals can be placed in a close 45 
proximity, inductance or noise can be minimized. 

With reference to Fig. 39. with respect to the shape 
of a main terminal which is the same for the same polar- 
ity, the position of its wiring connection, i.e., a center 
position of its associated terminal bolt is varied accord- so 
ing to each terminal. By such arrangement even in 
such a case where the module has 6 or more fastening 
holes and its inter-terminal pitch or a component pitch 
which is a distance between respective positions of 
respective module fastening bolts (fitters from terminal ss 
to terminal, the shape of the terminal can be provided in 
the same form. Hence, a common terminal punch (fie 
can be used provided that mounting holes are 



machined later in respective positions accordingly. 

Provision of a module case having a thicker resin 
side along its major side compared to its minor side is 
effective for reducing the quantity of warp of the module 
since the thicker resin side functions as a reinforcing 
beam. Further, since precision of parts of the module 
case made of resin can be improved, a quantity of warp 
can be suppressed which is resulting ckie to fastening 
with the bottom metal substrate using bolts and nuts via 
adhesive interposed therebetween. By arranging these 
bolts and nuts on each side of the module in the periph- 
ery thereof, the property of bending in both directions of 
the major side and the minor side becomes equal. 
Thereby, improving reliability of adhesive, and prevent- 
ing occurrence of cracks of the insulation substrate 
inside the module. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention will 
become apparent from the following description of 
embodiments with reference to the accompanying 
drawings in which: 

Fig. 1 is a perspective view of a module embodying 
the invention; 

Fig. 2 is a plan view of an internal arrangement of a 
module embodying the invention; 
Fig. 3 is a cross-sectional view in part of a module 
embodying the invention; 

Fig. 4 is a perspective view indicating a structure of 
an emitter terminal of a module embodying the 
invention; 

Fig. 5 is a perspective view indicating a structure of 
a collector terminal of a module embodying the 
invention; 

Fig. 6 depicts arrangement of main terminals of a 
module embodying the invention; 
Fig. 7 is a plan view depicting an outer appearance 
of a mockile embodying the invention; 
Rg. 8 is an equivalent circuit of a module embody- 
ing the invention; 

Rg. 9 is a diagram indicating a lay-out of semicon- 
ductor devices on an insulation substrate of a mod- 
ule embodying the invention; 
Rg. 10 is a diagram indicating inductance of wiring 
connection of external terminals of the module 
embodying the invention; 

Fig. 11 indicates results of calculation of strains 
applied to solder bonding for terminal connection 
inside the module; 

Rg. 12 is a perspective view of a terminal structure 
embodying the invention; 

Rg. 13 indicates quantities of deformation affecting 
solder bonding for terminal connections at respec- 
tive positions of the module; 
Rg. 14 is a diagram depicting a lay-out of control 
terminals of the module embodying the invention. 
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Fig. 15 is an appearance in part of a control termi- 
nal of the module of the invention; 
Fig. 16 depicts an inter-terminal gap structure for 
securing a gap between terminals of the module of 
the invention; s 
Fig. 17 depicts another inter-terminal gap structure 
for securing a gap between terminals of the module 
of the invention; 

Fig. 1 8 depicts still another inter-terminal gap struc- 
ture for securing a gap between terminals of the 10 
module; 

Fig. 19 depicts a conventional inter-terminal gap 
structure; 

Fig. 20 is a plan view of a first embodiment of the 
invention; is 
Fig. 21 is a cross-sectional view of the first embod- 
iment of the invention; 

Figs. 22 (a) -(c) are plan views in part of the first 

embodiment of the invention; 

Fig. 23 is a plan view in part of Rg.22(a) of the first 20 

embodiment of the invention; 

Fig. 24 is a circuit diagram of the first embodiment 

of the invention; 

Fig. 25 is a perspective view of a schematic con- 
struction in part of the first embodiment of the 2s 
invention; 

Fig. 26 is a perspective view of a schematic con- 
struction in another part of the first embodiment of 
the invention; 

Fig. 27 is a schematic block diagram indicating an 30 
equivalent circuit of a second embodiment of the 
invention; 

Fig. 28 is a plan view depicting a schematic 
arrangement of the second embodiment of the 
invention; 35 
Figs. 29 (a)-(c) are plan views in part of the second 
embodiment of the invention having a modified 
arrangement; 

Figs. 30 (a)-(b) are plan views in part of the first 
embodiment of the invention having a modified 40 
arrangement; 

Fig. 31 is a plan view of a module embodying the 
invention; 

Fig. 32 is a cross-sectional view of the module 
embodying the invention; 45 
Figs. 33 (a)-(b) are cross-sectional views in part of 
the module embodying the invention, depicting in 
detafl a portion between its collector sense terminaJ 
ana us Dotcom metai suDstrate, 
Figs. 34 are cross-sectional views of the module of so 
the invention depicting a portion between its collec- 
tor terminal and its emitter terminal; 
Figs. 35 are cross-sectional views of a module 
embodying the invention having a laminate bus bar 
interposed between its collector terminal and its ss 
emitter terminal; 

Figs. 36{a)-(b) are cross-sectional view of a module 
embodying the invention having a creep distance 



between its collector sense terminal and its emitter 
sense terminaJ; 

Figs. 37(a)-(b) are cross-sectional views of a mod- 
ule embodying the invention; 
Fig. 38 is a cross-sectional view of a module 
embodying the invention having an insulation wall 
mounted; 

Fig. 39 is a schematic diagram depicting respective 
positions of respective terminals on the module of 
the invention; 

Fig. 40 is an equivalent circuit of a module embod- 
ying the invention; 

Fig. 41 is a rear surface view of a module case 
embodying the invention; 

Fig. 42 is a rear surface view of a module embody- 
ing the invention; 

Fig. 43 is a diagram depicting a package of mod- 
ules embodying the invention; 
Fig. 44 is a diagram depicting another package of 
modules embodying the invention; and 
Fig. 45 is a diagram depicting still another package 
of modules embodying the invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



reference to Fig.1. a perspective view of a 
module embodying the invention is depicted. A top 
cover in part of Fig.1 on the right-hand side is cut out to 
expose an interna) structure thereof. A plurality of Cu- 
fofled AIN substrates 103(hereinafter referred to as Cu- 
AIN substrate) are disposed on a bottom metal sub- 
strate 109. Then, a plurality of IGBTs 101 and a plurality 
of diodes 102 are disposed on each Cu-AIN substrate 
103. Internal wiring within the module is provided from 
positions of emitter terminal connection 110 and of col- 
lector terminal connection 112 on Cu-AIN substrate 103 
to external emitter terminal 307 and external collector 
terminal 407 provided in the upper portion of the mod- 
uia S-type bend structure 501 is used in part on the way 
of the internal wiring in order to ensure reliability of sol- 
der bonding for respective terminals. A resin case of the 
module is comprised of a resin wall 207 and a terminal 
block 204 which is integral with a resin cover. Further, 
electrical insulation inside the module is ensured by fin- 
ing gel resin which is not shown. Details of respective 
portions of the module will be descrbed with reference 
to Fig. 2 and following figures. 

A plan view of the inside of a module embodying 
the invention is depicted in Fig.2, and a cross-sectional 
view in part of the module of the invention is depicted in 
Fig.3. Four IGBT devices 101 and two diodes 102 are 
bonded by solder 201 on each Cu-AIN substrate 103. 
An emitter wiring circuit region 104, a collector wiring 
circuit region 105 and a gate wiring circuit region 106 
are formed on the surface of Cu-AIN substrate, and 
IGBT devices 101 and diodes 102 are bonded on the 
surface of collector wiring region 105. Each device is 
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wired to emitter wiring circuit region 104 using metal 
wire 107. Resistance 108 is mounted on gate wiring cir- 
cuit region 106 which is electrically connected using 
metal wire 107 with a gate pad of each IQBT device 
101 . Six plates of Cu-AIN substrates 103 each mounting s 
semiconductor devices in the manner described above 
are bonded to bottom metal substrate 109 with solder 
on their rear surfaces. Electrical connection between 
respective insulation substrates is provided by terminal 
block 205 which has terminal 203 integrated in resin 10 
case 204 and via solder 206. A total number of main ter- 
minal connections from the terminal block 205 on each 
Cu-AIN substrate 103 is 7, which number includes two 
connecting positions respectively for emitter terminal 
110, emitter sense terminal 111 and collector terminal 1S 
112, and one connecting position for gate terminal 113, 
thereby a total number on one module in this case 
amounts to 42. After interconnection of terminal block 
205, a resin case 207 is integrated by bonding using 
adhesive 208 which is a silicone rubber. Then, terminal 20 
block 205 and case 207 are fixed firmly using thermo- 
setting epoxy resin 209. Then, sflicone gel 211 is 
poured into the module from resin inlet 210 so that the 
whole part of the terminal is covered by the gel, then, 
the inlet is sealed with a silicone rubber cover thereby 25 
completing the process of manufacture of the module. 

A structure of main terminals according to the 
invention is indicated in Rgs.4 to 6. Rg.4 depicts a 
structure of a main terminal of emitter. This main emitter 
terminaJ 301 contacts with a first Cu-AIN substrate 103 30 
at two contact positions 302 and 303, and contacts with 
a second Cu-AIN substrate 1 03 which is mounted in the 
opposite direction to the first Cu-AIN substrate at two 
other contact positions 304, 305, thereby collecting cur- 
rents from these four contact positions, a! lowing them to ss 
flow through current path 306 to be directed to emitter 
external terminal 307. In this structure of emitter termi- 
nal, each distance from each connection position 302- 
305 to point E where each current joins in the (tawing of 
Rg.4 is the same, thereby causing no current unbal- 40 
ance therebetween. A structure of a main collector ter- 
minal is depicted in Fig. 5. There are two connecting 
points 402 and 403 which connect between the first Cu- 
AJN substrate 1 03 and collector terminal 401 . There are 
also two connecting points 404 and 405 which connect as 
between the second Cu-AIN substrate 103 disposed 
opposite to the first Cu-AIN substrate 103 and the col- 
lector terminal 401. Thereby, a main current 406 from 
emitter external terminal 407 is divided into four subcur- 
rents to flow through these four connecting points. In so 
this structure of collector terminal, each distance from 
point C on the plane of the collector terminal to each 
connecting point in contact with Cu-AIN substrate 1 03 is 
substantially the same, thereby preventing occurrence 
of unbalanced current flow therebetween. Figure 6 55 
depicts a pair of emitter terminal 301 in conjunction with 
collector terminal 401 . Respective terminal level planes 
having point E or point C where its main current flows 



are disposed to overlay the other one, thereby canceling 
respective wiring inductance by mutual inductance Fig- 
ure 7 is an external top view of the module. As module's 
external terminate there are disposed three sets of emit- 
ter external terminals 307(a-c) of Rg.6 and three set of 
collector external terminals 407(a-c) of Rg.6. In addi- 
tion, as control terminals there are disposed gate exter- 
nal terminal 601, emitter sense external terminal 602 
and collector sense terminal 603. Module mounting 
holes are provided in case 207 embedded integral with 
metal case ring 607 serving as a guide. Thereby, during 
mounting of the module, case 207 and bottom metal 
substrate 109 are fastened together firmly such that 
there is no risk of loosening of the case 207. Insulating 
groove 604 and insulating wall 605 are provided to 
secure insulation distance between respective termi- 
nals outside the module In the periphery of the module 
there are provided mounting holes 606 for mounting the 
module Figure 8 depicts an equivalent circuit of the 
module embodying the invention. A unit of IGBT 701 is 
composed corresponding to each of the main terminals 
(a<) indicated in Fig.7, and respective units which are 
operated in parallel with each other externally via wiring 
702, 703 constitute a module of the invention. 

According to this embodiment of the invention, it is 
arranged such that the number of semiconductor 
devices mounted on each Cu-AIN substrate 103 is 
specified to be even number, that each IGBT unit 701 to 
be operated in parallel using intra-module terminal wir- 
ing is comprised of an even number of Cu-AIN sub- 
strates 103, and that IGBT units 701 provided in an odd 
number inside the module are wired externally outside 
the module to be operated in parallel with each other. 
Combination of these arrangements of the invention 
provides the following features and advantages. 

(1) When mounting two or more semiconductor 
devices on a Cu-AIN substrate 103, it is most pref- 
erable to arrange them symmetrically with respect 
to a center line thereof in order to secure a bal- 
anced current distribution therebetween. Thereby, 
according to this embodiment of the invention with 
reference to Fig. 9, a layout of semiconductor 
devices on an insulation substrate is arranged such 
that they are disposed symmetrically with respect to 
a center line 801 drawn vertically across resistor 
108. According to this arrangement, respective 
semiconductor devices can be packed more 
densely, thereby realizing a more compact module 
advantageously. On the other hand, in the case 
where an odd number of IGBT devices 101 or 
diodes 102 are to be mounted, they must be 
mounted along a center One, thereby causing dead 
space to occur. In designing each current path 
down to each connecting position of each terminal, 
it is necessary to give priority to a layout of diode 
102 in which a current concentration is Bkety to 
occur. In this embodiment of the invention which 



10 



19 



EPO 828341 A2 



20 



has two diodes 102, two emitter terminal connect- 
ing positions 110 and two collector terminal con- 
necting positions 112 are provided respectively 
corresponding to these two diodes 102 so as to 
equalize respective distances from these two s 
diodes. The number of collector terminal connect- 
ing positions is not limited to 2, but one collector ter- 
minal connecting position will do if its terminal 
connecting position is placed in the center of each 
diode 102. However, in consideration of a balance w 
with the number of emitter terminal connecting 
positions, ease of bonding of terminal block 205 
during module assembly, and prevention of tilt of 
the block, the two collector terminal connection 
positions are provided. However, in the case of a is 
symmetrical arrangement of odd number of 
devices, since an area of wiring positions of metal 
wire 107 is required corresponding to each device, 
terminal connecting positions in the number corre- 
sponding to respective devices are required. This 20 
leads to an increased size of the module and com- 
plexity of terminal structures. 

(2) For arrangement of Cu-AJN substrates 103 to be 
operated in parallel within a module, it is contem- 
plated to ensure each terminal connection leading 2s 
from each substrate to each external terminal con- 
necting point of the module to be wired equival entry. 
When the number of substrates is an even number, 
and if each wiring of terminal is arranged symmetri- 
cally on each substrate, it becomes possfcle to lead 30 
out each terminal to each external terminal equrva- 

I entry, thereby without distorting current balance. 
However, in the case having an odd number of sub- 
strates to be arranged symmetrical ly, they must be 
arranged concentrically around external terminals 35 
placed in the center portion, ff a method to fold 
down ends of a terminal is used, it still becomes 
possible to equalize apparent circuit inductance, 
however the shape of terminal becomes complex, 
and further, its wiring resistance increases substan- 40 
tiaDy. In this embodiment of the invention, since two 
Cu-AIN substrates 103 in each unit are arranged to 
operate in parallel, an equivalent cfistance of wiring 
can be provided readily from each terminal con- 
necting point to its associated node point E or C 45 
where currents join together or divide. 

(3) In this embodiment of the invention, three units 
having Cu-AIN substrates operating in parallel are 
provided within the module, and module external 
terminals corresponding to the number of the units so 
are provided. When assembling the module, these 
external terminals are connected externally so as to 

be able to operate each unit in the module in paral- 
lel. Thereby, advantageously, a total inductance EL 
of the module can be reduced smaller than induct- ss 
ance of each terminal La, Lb, Lc as indicated in 
Fig. 10. Further, rf a parallel plate wiring or laminate 
bus bar, for example, is used for external connec- 



tion outside the module in order to operate these 
units in parallel, almost no unbalance occurs 
between these units. In the case if inter-unit wiring 
is provided inside the module, the inter-unit wiring 
in consideration of balancing between respective 
units becomes very complicated as complex as the 
inter-substrate wiring having an odd number of sub- 
strates. Further, in the case of a large current 
capacity module which requires a large volume of 
terminal wiring (broader or thicker)by taking into 
account the current capacity thereof, there is a dis- 
advantage that manufacture and assembly of the 
terminals become more complicated. 

The structure of interconnection wiring for intercon- 
necting between Cu-AIN substrates within the module 
win be descrbed. As explained with reference to Fig. 6, 
respective level planes of terminals having points E and 
C where respective main currents flow are overlaid so 
as to reduce wiring inductance by their mutual induct- 
ance effect On the other hand, in order to reduce stress 
applied to solder 206 for bonding between each main 
terminal connection and Cu-AIN substrate 103, each 
main terminal connection has an S-type bend 501 at its 
bottom portion. Effects of this S-type bend will be 
descrtoed with reference to Rgs.1 1 (a)-(c). Fig.1 1 (a) is a 
schematic diagram indicating a model of the S-type 
bend of the invention. This bend has lengths of X1 and 
X2, and heights of Z1 and Z2. Each effect thereof in 
each direction is determined by a sum of respective 
lengths or heights. That is, we need only consider 
EX,EZ(where EX=X1+X2, EZ=Z1+Z2). Fig. 11(b) indi- 
cates a result obtained by varying EX with EZ being 
fixed, and Fig. 11(c) indicates a result obtained by vary- 
ing EZ with EX being fixed. In both cases of (b) and (c), 
strains of solder Ac are indicated as separated into 
respective directions of X, Y and Z. In either case; by 
provision of the S-type bend structure, strain eZ corre- 
sponding to deformation of the case in the direction of Z 
rapidly decreases (whereas in the drawing of (c), the 
value of tZ was too small to be indicated, as small as by 
three digits). On the other hand, it is more effective for 
reducing strain eX in the direction of X to lengthen EZ 
rather than to lengthen EX. In other word, when height 
EZ of the S-type bend differs, the value of strain applied 
to solder at terminal connection is caused to change, 
thereby changing reliabtfity of solder bonding 206. In 
consideration of the foregoing discussions, each height 
of each S-type bend provided for interconnection of a 
plurality of insulation substrates of the invention is spec- 
ified to be the same. That is, a summation of heights of 
any S bend (as projected in the side direction of the 
module) of main terminals which are overlaid is pro- 
vided higher than a height of the main terminal in the 
upper sida In this embodiment of the invention, emitter 
terminal 301 which is in the bottom side in Fig.6, La, 
toward metal substrate 109 is folded down to secure its 
height to the level of the plane of point C of collector ter- 



11 



21 



EP 0 828 341 A2 



22 



minaJ 401 where its main current flows, then is provided 
with an S-type bend structure Thereby; the same relia- 
bility of solder bonding 206 is ensured for both connec- 
tions of emitter terminal 301 and collector terminal 401 
on Cu-AJN substrate 1 03. 5 

Little effect is found to exist with respect to deforma- 
tion in the direction of Y from the result of Fig. 1 1 . As one 
of countermeasures, a method of providing a slit 1 101 in 
each terminal cut out in its width direction which is Y 
direction is contemplated as depicted in Fig.1 1 . In this io 
instance, positioning and extent of the slit must consider 
both prevention of solder rising and a current balancing. 
With respect to the solder rising, the bottom portion of 
the slip 1101 is stopped at a higher level than the bottom 
plane of the terminal in contact with solder, thereby is 
avoiding the rising of solder, or a problem of an exces- 
sive solder. Further, with respect to the current flow, it is 
ensured that a current density wiD not exceed its 
allowed value due to the provision of the slit and that an 
equal quantity of current flows through each portion on 20 
both sides of the slit by providing a same width thereto. 
Besides the provision of the slit it can be also dealt with 
by proper arrangement of the terminals within the mod- 
ule. Fig. 13 shows quantities of variance at respective 
terminal connections depending on their corresponding 2s 
positions within the module under a constant tempera- 
ture change. The quantities of variance at respective 
terminal connection result from a thermal deformation 
of Cu-AIN substrate 1 03 which Is firmly f ixed with soUer 
206 and/or bottom metal substrate 1 09, and from a drf- 30 
terence of thermal expansion coefficient of a portion 
which is firmfy fixed with resin case 204 of terminal 
block 205. Hence, the quantity of variance is zero in the 
center portion along each center axis, and increases 
gradually moving toward peripheral side portions. The 35 
S-type bend has a smallest effect in the direction per- 
pendicular to the direction of the bend. Therefore, it is 
arranged in the module of the invention such that the 
positions of terminal interconnections are disposed sub- 
stantially along a center portion across both mi nor sides 40 
which are perpendicular to the direction of the bend in 
order to minimize the quantity of variance AYCE which 
affects solder 206 greatest thereby minimizing strain 
applied thereto. Thereby, variation of strain depending 
on where its terminal connection is placed can be mini- 45 
mized. The same effect can be obtained also for the ter- 
minal which does not use the S-type bend. Further, 
since the positions of terminal interconnections are 
aligned in a row when assembling the module, there are 
such advantages that visual inspection of a plurality of so 
solder 206 after completion of their bonding becomes 
easy, and in consequence that each height of each ter- 
minal becomes easy to be even with each other. Stfll 
another advantage is that by placing in the center por- 
tion of the module the main terminals which have a 55 
greater current capacity thereby a greater volume, 
hence are not likely to be effected by the bend, overall 
reliability of the module can be improved substantially. 



Furthermore, the provision of the main terminals in the 
center portion of the module helps to shorten the length 
of wiring for interconnecting their associated terminals, 
thereby minimizing inductance and wiring resistance. 

Now, structures of control terminals of the module 
embodying the invention will be described. With refer- 
ence to Fig. 14, a gate terminal 1301 , emitter sense ter- 
minal 302 and collector sense terminal 1303 are shown. 
One gate terminal 1301 leading out from each Cu-AIN 
substrate 103, thereby six gate terminals leading out in 
all from the module are wired to an external gate termi- 
nal 601. Two emitter sense terminals 1302 leading out 
from each Cu-AIN substrate 1301, thereby 12 emitter 
sense terminals in all from the module are wired to an 
external emitter sense terminal 602. Further, collector 
sense terminal 1303 which is formed integral with col- 
lector terminal 401 in one K3BT unit 701 is directly wired 
to an external terminal 603 of the module. Gate termi- 
nals 1301 and emitter sense terminals 1302 of three 
Cu-AIN substrates 103 which are aligned in a row are 
interconnected with one horizontal wiring, respectively. 
Interconnection between the upper arm and the bottom 
arm Cu-AIN substrates 103 which are disposed oppo- 
sitely are interconnected by two wirings 1304 and 1305. 
In the case of a large-sized module having a single 
external terminal for external terminals 601 and 602 
respectively, there inevitably occurs a difference in 
lengths of internal wiring therefor depending on their 
corresponding internal arrangements. In order to 
reduce such difference as much as possible, intercon- 
nection between the two opposing substrates is pro- 
vided using the two wirings 1304 and 1305. Thereby, a 
path of current from an internal position which is remote 
from the external terminal is automatically selected 
therebetween so as to provide a shortest optimum path 
for its current to flow. Further, with respect to the layout 
of their wiring, portions of their wiring which are parallel 
to the direction of the main current (i.e., wiring for inter- 
connecting between three Cu-AIN substrates aligned 
horizontally) are disposed remote from the main termi- 
nal with an adequate distance from the center of the 
module in order to suppress the influence of electro- 
magnetic noise. Furthermore, portions of their wiring 
which run in close proximity to the main terminal are cfis- 
posed perperxficular to the direction of the main current 
(which corresponds to the wiring which interconnects 
between the two substrates which are disposed oppo- 
sitely in the unit). Still further, by closely placing gate ter- 
minal 1301 and emitter sense terminal 1302 with a 
minimum gap therebetween, the influence of electro- 
magneto inductance from the main terminal is sup- 
pressed to minimum. For this pur pose, each connection 
of terminals between the three Cu-AIN substrates 
aligned horizontally is provided by each horizontal wir- 
ing with a reduced space, and interconnection of termi- 
nals between the two opposite substrates in the unit of 
the module is provided by overlapping their terminals in 
the vertical direction. Respective positions of coraiec- 



12 



23 



EP 0 828 341 A2 



24 



tion of respective control terminals are aligned in the 
direction having the minimum bend effect as depicted in 
Fig.12, and also they are arranged such that the quan- 
tity of variance AYG of gate terminal 113 at its connect- 
ing position becomes substantially equal to the quantity 5 
of variance A YGE of emitter sense terminal 111 at its 
connecting position. Further, they are disposed sym- 
metrically on each Cu-AIN substrate 103, and as a 
means for arranging respective positions of their termi- 
nal connections in a row across the module, branch ter- 10 
minab with S-bend are folded down from both sides of 
the terminal which interconnects respective substrates 
aligned as indicated in Rg.15 so that directions of S- 
bend of respective wiring terminals are aligned in the 
same direction as viewed from each substrate, thereby 75 
that two adjoining positions of wiring terminals can be 
provided from one terminal strip. Thereby, layout of 
metal wire 107 on the substrate which is subject to the 
influence of the bend position can be rendered equal 
between respective substrates. 20 

With reference to Figs. 16- 18. a method for securing 
a gap between terminals inside the module is shown. 
Particular points to be noted in this method are to 
ensure a terminal gap T necessary for electrical insula- 
tion between respective terminals, and ensure silicone 2s 
gel which is poured into the module tofffl in completely 
the peripheral portion of the terminals without allowing a 
void space to be for med across the terminals. By way of 
example of Fig. 19, when a resin ring 1801 having sub- 
stantially a same diameter as that of a resin pin 1501 is 30 
mounted between respective terminals in order to 
secure an insulation gap therebetween, there is a risk 
that silicone gel is not filled in a gap 1802 between the 
resin pin and the resin ring, thereby causing a short cir- 
cuit through the gap 1802. Hence, according to this 35 
embodiment of the invention as indicated in Fig. 16, col- 
lector terminal strip 401 is inserted into a fixing through- 
hole preformed in a resin pin 1501, which is formed inte- 
gral with terminal block 205 for securing a gap between 
main terminals, then emitter terminal strip 301 having 40 
mounted a resin pin 1 502 having a thickness necessary 
for securing the terminal gap is inserted into another fix- 
ing through-hole of the resin pin 1501. Further, portion 
of the resin pin is subjected to thermal caulking to seal 
and fix both main terminals. Alternatively, as incficated in 45 
Fig. 17, after insertion of collector terminal 401. a resin 
ring 1601 having a protrusion 1602 for ensuring a space 
in the penphery thereof which can be filled completely 
with silicone gel afterward is inserted, then emitter ter- 
minal 301 is inserted in the f ixing hole, and the resin ring 50 
is subjected to thermal caulking for providing a cap. The 
thermal caulking for fixing or providing the cap is not lim- 
ited to the thermal caulking, but a cotter pin, screw cap 
or the Eke will do as well. Still further, with reference to 
Fig. 18, by taking advantage of conformabifity of resin, ss 
taper 1702 is provided in part of terminal guide 1701 
which is integral with terminal block 205, then a terminal 
strip is forced into this terminal guide with a taper to be 



firmly fixed therein, ff a protrusion 1703 is provided in 
part of the terminal stnp as depicted in the right-hand 
drawing of Fig.18, it wiD be effective for more easily and 
surely fixing therein. Fig.18 depicts an example in which 
two terminals are aligned in parallel in the horizontal 
direction, however, the same method of providing the 
taper can be used to secure terminal positions and 
inter-terminal gap in the vertical direction as well. 

According to the present invention, a large capacity 
module having a plurality of semiconductor devices 
which must be operated in parallel is ensured to be able 
to balance respective current flows between respective 
semiconductor devices, thereby allowing a high speed 
switching operation, and improving the withstand volt- 
age of the module. Further, since its parallel operating 
circuits can be formed outside the module, inductance 
within the module can be reduced substantially. StJO fur- 
ther, even for a module having substantially a large 
capacity and a large size, reliability of solder borxfing for 
connecting between its terminals and its insulation sub- 
strate has been made uniform throughout the module, 
thereby substantially improving the overall reliability of 
the module. 

Now, with reference to Rg&20-21, an outer appear- 
ance of an IGBT module embodying the invention is 
shown. Ftg_20 is a plan view of the module, and Fig.21 
is a cross-sectional view thereof. On the outer surface of 
the module 41, there are provided emitter terminal's 
external connection 26, collector terminal's external 
connection 27, gate terminal's external connection 28 
and auxiliary emitter terminal's external connection 29, 
which were led out from resin case 30 outside the mod- 
ula Gel inlet ports for pouring gel into the resin case 30 
are provided to the sides of the emitter and the collector, 
respectively, and these inlet ports are sealed by caps 
32a and 32b. Insulation fin 33 is provided on the surface 
of the case 30 to secure a creep insulation distance 
between emitter terminal's external connection 22 and 
collector terminal's external connection 27. In the bot- 
tom of the module as depicted in Fig. 21, a metal base 
substrate 14 is bonded with the case 30. The metal 
base substrate 14 is provided with a mount hole 31 for 
mounting the module on a heat sink provided externally. 

With reference to Figs.22(a)-(c), internal structures 
and arrangements of this embodiment of the invention 
are depicted. Two insulation substrates 13 each having 
copper foils bonded thereon are solder-bonded on the 
surface of a base substrate 14. Insulation substrate 13 
uses aluminum nitride as its main insulating material. 
Main materials suitable for this insulating substrate must 
have a high heat corxiuctivity so as to be able to dissi- 
pate heat generated by semiconductor devices and 
conduct the heat externally. Thereby, in addition to alu- 
minum nitride used in this embodiment ceramics mate- 
rials such as aluminum oxides or a good heat 
conductivity composite material having electrical insula- 
tion can be applied as well. On each insulation sub- 
strate 1 3. there are formed a collector wiring pattern 4, 
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an emitter wiring pattern 3 and a gate wiring pattern 5 
using copper foils. On the surface of the collector wiring 
pattern 4, there are solder-bonded six IGBT semicon- 
ductor devices 2 and three diode semiconductor 
devices 1. These wiring patterns are arranged on the 5 
insulation substrate such that emitter wiring pattern 3 is 
disposed in the center portion of the insulation substrate 
13, that collector wiring pattern 4 is disposed to sur- 
round the emitter wiring pattern, and that gate wiring 
pattern 5 is disposed around the outer periphery of the w 
collector wiring pattern 4. In Figs. 22(a) and (b), corners 
of each wiring pattern are schematically drawn using 
straight lines, but actually they are formed in curves. 

Emitter wiring pattern's terminal connection 7 is dis- 
posed in the center portion of the emitter wiring pattern is 
which is placed in the center of insulation substrate 13. 
As indicated in Fig.23, IGBT semiconductor devices 
and diode semiconductor devices are disposed on a cir- 
cular arc having its radius center in the center of termi- 
nal connection 7 on the emitter wiring pattern. In Rg.23, 20 
only a half portion on the right-hand side of insulation 
substrate 13 is shown since its serriconductor devices 
and wiring circuits are disposed symmetrically relative 
to a virtual center line 11 drawn vertically in the center 
of insulation substrate 13. A closest radius cfistance 23 2s 
from the center of terminal connection 7 on the emitter 
wiring pattern to the center of a closest semiconductor 
device, and a remotest radius cfistance 24 from the 
center of terminal connection 7 on the emitter wiring 
pattern to the center of a remotest semiconductor 30 
device are specified to be within ±20% of an average 
radius distance between the center of terminal connec- 
tion 7 on the emitter wiring pattern and the centers of 
respective semiconductor devices. Thereby, each cfis- 
tance from the center of each IGBT semiconductor 35 
device and each diode semiconductor device to the ter- 
minal connection 7 on the emitter winng pattern can be 
minimized equally, and also each length of wire-bonding 
between each electrode of each semiconductor device 
and its associated terminal connection can be substan- 40 
tially equalized. 

With reference to Fig.24, an equivalent circuit of 
Rg.23 is indicated. Inductance components due to wir- 
ing from terminal connection 8 on the collector wiring 
pattern to respective semiconductor devices are 45 
depicted by 1al8. 2c18. 2bl8, 2a18 and 1ba8. Induct- 
ance components due to wiring from terminal connec- 
tion 7 of emitter wiring pattern to respective 
semiconductor devices are depicted by 71 a1, 72c1. 
72b1, 72a 1 and 71 b1. These wiring is formed by the so 
copper foils and bonding wire 6 on the surface of insula- 
tion substrate 13. In the case where there is a substan- 
tial difference among these inductance components* 
there occurs a difference in voltage fluctuations which 
are proportional to a rate of change of current which 55 
causes malfunction of switching or even destruction of 
semiconductor devices. According to this embodiment 
of the invention, however, the above-mentioned induct* 



ance components 1a18, 2c 18. 2b18, 2a18 and 1ba8 as 
well as 71 a1, 72c 1, 72b1,72a1 and71b1 which are pro- 
portional to their length of wiring can be suppressed to 
minimum and can be made substantially equal from 
each other by arranging the semiconductor devices on 
the circular arc as described above Thereby, it 
becomes possible to minimize a voltage fluctuation 
which occurs in proportion to inductance components, 
thereby ensuring its semiconductor module to be oper- 
ated electrically stably. 

Rg.22(c) shows schematically respective intercon- 
nections of emitter terminal wiring connection 20, col- 
lector terminal wiring connection 21, gate terminal 
wiring connection 22 and auxiliary emitter terminal wir- 
ing connection 20 on the copper bonded insulation sub- 
strate, and also their terminal wirings to respective 
terminals' external connections on the semiconductor 
module of the invention as observed from the top side 
thereof. Rg.25 is a perspective view of emitter terminal 
wiring 26, and Fig .26 is a perspective view of collector 
terminal wiring 27 of the invention. Both emitter terminal 
wiring 26 and collector terminal wiring 27 have a sym- 
metrical form with respect to a center line of the semi- 
conductor module. 

As a result of measurements of a current that flows 
through each semiconductor device, it is confirmed that 
a value of each current flowing through each semicon- 
ductor device falls within ±1 0% of its average value. Fur- 
ther, since the diode semiconductor devices can be 
placed adjacent both to emitter wiring pattern terminal 
connection 7 and auxiliary emitter wiring pattern termi- 
nal connection 10, interference to gate terminal wiring 
18 caused by a recovery current that flows from the 
diode semiconductor devices can be minimized. 

Still further, since respective semiconductor 
devices are arranged on a circular arc, a ratio of a major 
side LX of insulation substrate 13 to a minor side LY 
thereof can be set that LX/LY<1.5. Thereby, there 
occurs no significant difference in stress applied to the 
wiring patterns in the module between the major side 
and the minor side, hence no peel-off of any wiring pat- 
tern occurred as a result of heat cycle tests ever 500 
cycles. Further, no crack was observed after wire-bond- 
ing of respective semiconductor devices. Also, no crack 
was observed in insulation substrate 13 after having 
mounted the power module on a heat sink. 

Still further, the arrangement of respective semi- 
conductor devices on the circular arc according to the 
invention which is effective to distribute heat generation 
sources uniformly is advantageous over the conven- 
tional arrangement in which semiconductor devices 
were aligned in two rows in that heat dissipation is 
improved substantially and that thermal resistance is 
minimized. 

Furthermore, since respective semiconductor 
devices are not aligned in one direction as indicated in 
Rg-30(a), a gap LC between two adjacent semiconduc- 
tor devices which is secured for posrboning them on a jig 
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when fabricating the semiconductor module can be 
reduced substantially. By way of example, Fig.30(a) is 
an example of the invention, wtu'leas Rg. 30(b) is a con- 
ventional one. Conventionally, a protrusion 49 is pro- 
vided in part off a jig 48 as a guide to position each 
semiconductor device on a jig as indicated in Rg.30(b). 
According to the invention, since respective semicon- 
ductor devices are not aligned laterally in two parallel 
rows in one direction, they can be arranged using cor- 
ners of the jig as a guide, thereby eliminating conven- 
tional protrusion 49, and substantially reducing the gap 
LC between adjacent semiconductor devices. 

As to gel injection ports in reference to Fig.20, they 
are provided diagonally with respect to insulation fin 33 
disposed in the center on semiconductor module 41. 
Gel injection port cap 32a is disposed to the collector 
side and gel injection port cap 32b is cfisposed to the 
emitter side on the module 41. By this arrangement of 
gel injection ports, even if semiconductor module 41 is 
tilted during gel injection, by measurement of a height 
between the gel injection port and a surface of gel, a tilt 
of semiconductor module 41 can be sensed, thereby 
capable of preventing exposure to atmosphere of any 
terminal wiring within the module, that is, including emit- 
ter terminal wiring 16, collector terminal wiring 17, gate 
terminal wiring 18 and auxiliary emitter terminal wiring 
23. Further, with respect to internal structures under 
collector side gel injection port cap 32a and emitter side 
gel injection port cap 32b, it is arranged such that a pla- 
nar portion 44 of emitter terminal wiring 16 which is par- 
allel with the main surface of the base substrate is 
allowed to overlap less than 50% with a planar portion 
45 off collector terminal wiring 17 which is parallel with 
the main surface of the base substrata Thereby, gel is 
allowed easily to flow into the rear sides of planar por- 
tions 44 and 45, thereby preventing air void to be formed 
therein. 

With reference to Rg.27. there is shown a circuitry 
diagram of an inverter apparatus using the semiconduc- 
tor module of the invention. The inverter apparatus is 
comprised of inverter units U35, V36 and W37 for con- 
trolling operation of a three-phase motor 40. In each 
inverter unit described above, semiconductor module 
41 of Rg.20 embodying the invention is applied to an 
inversion parallel circuit 34 having an IGBT and a cfioda 
An upper arm inversion parallel circuit 34 on the side of 
a feeder One contact 38 is electrically coupled to wiring 
from the feeder line at its collector side of inversion par- 
allel circuit 34 and a wiring from its emitter side thereof 
is electrically coupled to motor 40. On the other hand, a 
bottom arm inversion parallel circuit 34 on the side of 
ground connection 39 is electrically coupled to a wiring 
from ground connection 39 at its emitter side thereof, 
and a wiring from its collector side thereof is electrically 
coupled to the motor 40. 

Since a semiconductor module embodying the 
invention is applied, a more compact sized inverter 
apparatus can be provided. Since semiconductor mod- 



ule 41 embodying the invention has its emitter terminal 
external connection 26 and its collector terminal exter- 
nal connection 27 being aligned parallel to the direction 
of the major side of the module, it is advantageous in 

5 assembling semiconductor modules 41 in parallel con- 
nections and electrically wiring therebetween using bus 
bars the layout of which is substantially simple, thereby 
contributing to provision of a more compact sized 
inverter apparatus. Further, insulation fin 33 is disposed 

w at a position which is within 10% from the center of the 
semiconductor module 41, and both emitter terminal's 
external connection 26 and collector terminal's external 
connection 27 are disposed symmetrically with respect 
to the insulation fin at respective positions therefrom 

is which are within 20% of a length of the major side of the 
module Thereby, collector side bus bar wiring 42 and 
emitter side bus bar wiring 43 in the inverter apparatus 
can be provided substantially in the same shape and 
length. Hence, there occurs substantially no cfifference 

20 in wiring inductance therebetween, and voltage fluctua- 
tions due to switching can be suppressed within ±10% 
on both the emitter and the collector sides. Further, with 
reference to Rg.29, semiconductor module 41 off 
embodiment 1 of the invention has a dimension in which 

25 a length Y1 of its minor side is substantially proportional 
to a current capacity of the module, and a length X1 of 
its major side is substantially the same. Thereby, two 
semiconductor modules 41 in parallel connection can 
be replaced by one semiconductor module having a 

so two-fold rating thereof. Both semiconductor module 46 
in Fig.29{b) and semiconductor module 47 in Fig.29(c) 
depict a semiconductor module having a two-fold rating 
of that of Fig.29(a). Length X2 on a minor side of the 
two-fold rating semiconductor module is equal to length 

35 X1 on the major side of the semiconductor module of 
Fig.29(a), and length Y2 on a major side of the two-fold 
rating semiconductor module has a length which is sub- 
stantially proportional to a current ratio relative to length 
Y1 on the minor side of the semiconductor module of 

40 FtgJ29(a). Namely, in the case of Rgs.29(b) and 29(c), 
the major side length Y2 is twice the minor side length 
Y1. Actually, when mounting two semiconductor mod- 
ules 41 in parallel connection, a gap is secured between 
these two semiconductor modules, thereby the two-fold 

45 rating semiconductor module has a dimension taking 
into account this gap. 

Two-fold rating serraconductor module 46 in 
Rg.29(b) is provided with one emitter terminal external 
connection 26 and one collector terminal external con- 
so nectfon 27, respectively. Thereby, the number of con- 
nections with bus bar wiring is halved, thereby providing 
an inverter apparatus the maintenance and inspection 
of which becomes substantially easier. StiO further, in 
the two-fold rating semiconductor module 47 having a 

55 two-fold capacity of semiconductor module 41 as indi- 
cated in Rg.29(c), two emitter terminal external connec- 
tions 26 and two collector terminal external connections 
27 are provided at substantially the same positions cor- 



15 



29 



EP 0 828 341 A2 



30 



responding to their positions on two separate semicon- 
ductor modules 41 in Rg.29(a). Thereby, most of 
components of the semiconductor module can be 
shared therebetween as common components, and in 
addition, the semiconductor module 41 can readily be 5 
replaced by a two-fold rating semiconductor module 47 
without changing their bus bar wiring. Thereby, without 
need of changes in mount positions of semiconductor 
modules and bus bar wiring, a large capacity semicon- 
ductor module can be assembled as an inverter appara- w 
tus. 

As clearly understood from the above description, 
in the semiconductor module according to the invention 
having a plurality of semiconductor devices, more spe- 
cifically having more than six semiconductor devices, 15 
each current that flows through each of the plurality of 
semiconductor devices can substantially be equalized, 
and thereby realizing an electrically stable semiconduc- 
tor module having stable electrical properties suitable 
for the inverter apparatus. 20 

Now, another embodiment of the invention will be 
described in the following with reference to the accom- 
panying drawings. 

Rg.31 is a plan view of a module of another embod- 
iment of the invention, and Rg.32 is a cross-sectional 2s 
view in part of this modula A basic interna! unit of the 
module is comprised of a plurality of semiconductor 
devices 201 and a copper dad substrate 203 having, for 
example, Cu/AIN/Cu structure, on the surface of the 
copper clad substrate 203 there are solder-bonded the 30 
plurality of semiconductor devices 201. This unit 203 is 
further bonded using insulation substrate connection 
solder 204 to a bottom metal substrate 205 made of, for 
example, a Cu or Cu alloy plate so as to compose one 
module of the invention. A collector terminal 101 , emit- as 
ter terminal 102, gate terminal 103, emitter sense termi- 
nal 104 and collector sense terminal 105 which are 
connected to each unit substrate using terminal con- 
nection solder 206 are led out therefrom outside the 
module. These terminals are provided having been to 
molded using terminal fixing thermosetting epoxy resin 

107 integrated in a terminal block 106 made of resin. 
Further, a nut 210 for fastening each terminal and an 
insert nut 21 1 formed integral with the terminal block are 
set in the terminal block 106. After bonding the bottom as 
metal substrate 205 having mounted semiconductor 
devices 201 with the terminal block 106, a resin case 

108 is bonded thereto using silicone adhesive 207. 
Resin easel 08 and terminal block 106 are bonded inte- 
gral with each other to seal inside the module using so 
thermosetting epaxy resin 109 via a crank structure 
therebetween which is formed in the whole peiphery of 
the module. Then, silicone gel 208 is poured through 
resin inlet 110 provided in terminal block 106. After 
hardening of the gel, a cap made of silicone rubber is ss 
set on the resin inlet to seal inside the modula A suffi- 
cient amount of silicone gel 208 is poured into the mod- 
ule to ensure that any part of any terminals are not 



exposed to ensure intra-module electrical insulation. A 
space 209 is, however, secured inside the module to 
absorb thermal deformation of silicone gel 208. 

In order to secure electrical insulation in the module 
having a terminal layout of Rg.31, there are required 
respective insulation between collector terminal 101 
and emitter terminal 102. between emitter terminal 102 
and collector sense terminal 105, between emitter 
sense terminal 104 and collector sense terminal 105, 
and between each terminal and bottom metal substrate 
205. respectively. A method for securing such electrical 
insulation by means of providing a creep distance 
between respective terminals and between these termi- 
nals and the bottom metal substr ate will be described in 
the following with reference to Rgs.33-37. 

Rg.33(a) shows a cross-section of a structure of 
the invention and a creep distance A-B between collec- 
tor sense terminal 105 and bottom metal substrate 205. 
A feature of this structure resides in that its actual creep 
distance of A-B between collector sense terminal 105 
and a component which is closest thereto and at the 
same potential as that of the bottom metal substrate 
205 is longer than a total distance obtained by adding a 
shortest distance X0 between the case wall and a clos- 
est component thereto which is at the same potential as 
module bottom metal substrate 205, a height distance h 
between a lower module surface with which a bottom 
surface of a module fastening bolt 301 contacts and the 
height of the terminal 105. and a minimum distance X1 
between the case wall and the terminal 105. Normally, 
when a module is assembled, its bottom metal sub- 
strate 205, module fastening bolt 301, spring washer 
302, and plate washer 303 are at the same potential. In 
this embodiment of the invention, a creep distance 
between A and B is secured by providing an insulation 
groove 111 in the lower surface of the module with 
which the bottom side of module fastening bolt 301 is in 
contact via spring washer 302 and plate washer 303. A 
dimension of this insulation groove 111 is determined 
by a module environment and a module rating. In this 
embodiment of the invention, since its environment is 
normal, and Hs insulation rating is 1 26 V or more, a min- 
imum gap a1 is secured, wherein a1*1mm. Further, in 
order to ensure insulation groove 111 provided in the 
lower surface of the module in contact with the bottom 
side of module fastening bolt 301 to be maintained 
effective, positioning of a case ring center 305 is deter- 
mined such that a minimum cf stance of al or more is 
secured between spring washer 302 or plate washer 
303 having the same potential as that of module fasten- 
ing bolt 301 and case wall 304. Provided that a mini- 
mum distance of a1 is secured therebetween, a height 
of case ring 112 can be raised from the lower surface of 
the module as depicted in Rg. 33(b). By raising the 
height of case ring 1 1 2, stress to be exerted on module 
fastening bolt 301 as a result of thermal deformation of 
the module during operation can be reduced. According 
to these advantages and effects described above, col- 
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lector sense terminal 1 05 can be placed as near as pos- 
sfole toward the case wall at a reduced distance X1. In 
the structure of this embodiment of the invention, insert 
nut 211 is used as a nut for use in fastening collector 
sense terminal 105, and this insert nut 211 can beds- 5 
posed toward resin case 108 as near as to contact with 
a crank member of resin case 1 08. At this time, a part of 
metal surface of insert nut 211 to the side of the crank 
member of terminal block 106 is exposed. However, 
since this exposed surface is then embedded in thermo- 10 
setting epoxy resin 1 09 which is used for bonding resin 
case 1 08 and terminal block 106, there will be no prob- 
lem. 

Fig. 34 is a cross-section of a gap provided between 
collector terminal 101 and emitter terminal 102. Fea- 75 
tures of this structure of the invention reside in that Hs 
actual creep distance between these terminals is longer 
than a shortest distance X2 therebetween, and that a 
height of insulation wall 1 14 is lower than a virtual plane 
401 drawn between upper surfaces of terminals 101 20 
and 102 by a height of a1 required for securing electrical 
insulation. In this example, this height of a1 is ensured 
to be a1=1mm or more in consideration of the above- 
mentioned conditions. In J-J cross section, a creep dis- 
tance A-B is secured by a combination of a groove and 25 
insulation wall 1 1 4. In K-K cross section, end portions of 
terminals 101 and 102 are rounded, and for securing a 
creep cf stance, insulation step 1 1 5 having a vertical gap 
of a1 is provided in a main terminal's bottom side con- 
tact surface 1 13 of terminal btock 106. 30 

On the other hand, prevision of main terminal's bot- 
tom side contact surface 1 13 is limited to a region where 
wire connection nuts for fastening terminals 101 and 
1 02 are used, and is not provided extending to the outer 
periphery of the module. Thereby, a part of wiring for 35 
interconnection between main terminals is allowed to 
float thereby improving cooling efficiency therefor. Fur- 
ther, a space is secured for installing signal lines when 
assembling modules. Still further, freedom of directions 
for leading out signal lines increases. 40 

Rg.35 shows J-J and K-K cross-sections of exam- 
ples where collector terminal 101 and emitter terminal 
102 are wired using a laminate bus bar 505. Laminate 
bus bar 505 connects in the same manner its collector 
wiring 501 and its emitter wiring 502 to collector termi- 45 
nal 101 and emitter terminal 102 respectively using bolt 
506 via spring washer 507 and plate washer 508. 
Respective wiring 501 and 502 having been insulated 
from each other by interwiring insulation plate 503 inter- 
posed therebetween and integrated by being covered so 
entirely by wiring coat insulation material 504 therea- 
round are raised upward vertically from the center of the 
module. By provision of this integrated wiring, mutual 
inductance due to external wiring outside the module is 
almost completely canceled- This effect of the invention 55 
is particularly substantial for a module which wires its 
IGBT units outside the module. By way of example; lam- 
inate bus bar 505 does not have wiring coat insulation 



material 504 on its bottom surface in contact with termi- 
nals 101 and 102 in order to avoid any irrperfect contact 
therewith. In the J-J cross section of the invention, since 
a minimum insulation distance a1 is secured from the 
upper surface of terminals 101, 102, that is, from lami- 
nate bus bar 505 to insulation walls, its creep distance 
A-B via the insulation walls does not change. On the 
other hand, in the K-K cross section having no insula- 
tion walls of the invention, since insulation steps 115 
having insulation distance a1 are provided under termi- 
nals 101 and 102, Hs creep distance A-B does not 
change. It should be noted, however, that in any module 
according to the invention, if it uses any type of parallel 
piate wirings leading upward from terminate 101 and 
102 other than the laminate bus bar 505, its creep dis- 
tance wfll not be reduced. 

Figs.36(a)-(b) show a cross-section of a gap struc- 
ture formed between collector sense terminal 105 and 
emitter sense terminal 104 in the module embodying 
the invention. A feature of this gap structure of the 
invention is in that its creep distance is longer than a 
minimum horizontal distance X2 between these termi- 
nals, and that its insulation groove or insulation wall is 
provided only in two directions around each terminal. 
First of all, a minimum width a1 of its groove or insula- 
tion wall is seared to be al^tmm from the aforemen- 
tioned condition. Hs plan view is indicated in the left- 
bottom portion in Fig.31. Groove 111 is formed to have 
a crank shape which faces two sides of collector sense 
terminal 105 and also two sides of emitter sense termi- 
nal 104. By provision of this groove 111, collector sense 
terminal 105 ensures respective creep distances from 
emitter terminal 102 and emitter sense terminal 104. bi 
the case of provision of groove 111, as will be described 
with reference to Rg.43, freedom of terminal wiring 
improves substantially. Further, thickness of the resin 
member of terminal block 106 in the periphery of nuts 
210, 211 for fastening terminal wiring (in reference to 
Rg.32) can be increased thereby preventing occurrence 
of crack in the resin member when fastening of the bolt. 
Rg.36(b) shows a cross-section of another gap struc- 
ture having insulation wall 601 instead of the groove to 
the same effect Although it depends on a particular 
environment of the module, for example, where cooOng 
air is supplied from one direction for cooling the module 
externally, provision of such insulation wall in the crank 
shape will help to protect the module from dust which 
may deteriorate electrical insulation. Directions of bend 
of emitter sense terminal 1 04 and collector sense termi- 
nal 105 are folded backward from each other in opposite 
directions relative to the groove as indicated in Rg.32. 
By such arrangement variance of creep distance 
between terminate due to a tilt of terminal bend can be 
reduced. Still further, since parallel planes rising verti- 
cally in the module can be placed in close proximity 
from each other, noise interference can be minimized. 

Fig.37 shows an example which secures its creep 
distance along the side wall of Hs case. Ftg.37(a) is a 
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cross-section of a gap structure provided between col- 
lector terminal 105 and bottom metal substrate 205. 
According to this method of the invention in the same 
manner as in Fig. 33. a creep distance which is longer 
than a sum of distances X0+h+X1 can be realized, s 
wherein X0 is a shortest distance between the side wall 
of the case and a component which is at the same 
potential as that of bottom metal substrate 205 of the 
module; h is a height between a lower surface of the 
module which is in contact with the bottom surface of w 
fastening bolt 301 for mounting the module and the 
upper surface of the module on which the terminal is 
placed; and X1 is a shortest distance between the side 
waD of the case and the terminal. In order to realize this 
effect, it is necessary to secure a gap a1 which is equal 75 
to 1 mm of more as descnbed above between respective 
insulation walls provided in the side wall of the case. 
Further, a lateral cfistance at least of al is secured 
between the side of plate washer 303 for use in fasten- 
ing the module and insulation wall 701 provided in the 20 
side wall of resin case 304. Fig.37(b) is an example hav- 
ing insulation walls 702 provided in the side wall of the 
case between collector terminal 101 and emitter termi- 
nal 102. In this example, also, a gap a1 which is 1mm or 
more is secured between respective insulation walls 2s 
702 provided in the side wall between main terminals, 
likewise in Rg.37(a). This method has such advantage 
that even if a deep groove or insulation waO cannot be 
formed in the surface of the module due to limitation of 
other surface arrangement thereof, an adequate creep 30 
distance can be secured in the side wall. Still further, 
there is another advantage that since its surface area in 
the periphery of the module increases, its coofing effi- 
ciency improves substantially. A protrusion instead of 
the groove or any type of irregular surfaces available for 35 
securing a creep distance can be utilized where it is 
needed to the same effect, for example, even by a com- 
pany logo having irregular surfaces attached externally. 

Rg.38 is an example where a post-insert insulation 
waO 801 is inserted between collector terminal 101 and 40 
emitter terminal 102. A separate post-insert insulation 
waO 801 made of resin is fixed using for example sili- 
cone adhesive between terminals 101 and 102 in the 
module having been explained with reference to Rg.31. 
In this case, there will be no problem provided that a 45 
creep distance Y secured by the precedng method and 
a creep distance X secured by the post-insert insulation 
wall 801 are substantially the same. Further, although it 
is not shown in the drawing, a post-insert insulation waO 
can be inserted into the poove 111 provided between so 
emitter sense terminal 1 04 and collector sense terminal 
105 in order to eliminate the groove from the entire sur- 
face of the module. Thereby, when the module is used in 
an environment where air dust is not controlled, by pro- 
vision of this post-insert insulation waU, a problem of ss 
insulation deterioration by dust accumulation wiQ be 
prevented Still further, when wiring material without 
insulation coating is used for inter-module wiring, this 



post-insert insulation wall 801 will provide for a spatial 
distance needed between any two adjoining wirings. 

Ftg.39 shows terminal arrangement of this embodi- 
ment of the invention. Fig.40 shows a circuit diagram of 
this embodiment of the invention. As to terminal 
arrangement of the module, collector terminal 101 and 
emitter terminal 102 are provided in three positions, 
respectively. This circuit of the module is comprised of 
each unit 1003 having integrated K3BT and a free- 
wheeling diode provided separately in the module. Gate 
terminal 103 and emitter sense terminal 104 are inter- 
connected between respective units within the module, 
and each of these terminals 103 and 104 is led out of 
the module using a single One as its external terminal. A 
single external terminal line as collector sense terminal 
105 is wired from one of these separate IGBT units 
1003. In operation of a module assembled, each collec- 
tor terminal 101 and emitter terminal 102 corresponding 
to each unit are short-circuited outside the module via 
each wiring 1001 and 1002. As to positioning of external 
terminals outside the module, in order to be able to 
share as many common components of the same 
shape for constituting internal construction of the mod- 
ule, each wiring connection positioning gap T1 between 
respective main terminals, and each module fixing hole 
pitch Ml are set such that T1=T2 and M1=M2=M3, 
respectively. However, as indicated in this embodiment 
of the invention, depending on respective circum- 
stances of module assembly, respective wiring connec- 
tion positioning gap T1 and 12 may be varied, and 
respective module mount hole pitches M1, M2 and M3 
can be varied as well. At this time, wiring connection 
positions L1 , L2 and L3 with respect to external appear- 
ance of respective main terminals E (where E1=E2=E3) 
can be varied for each main terminal, thereby allowing 
respective main terminals to be provided in the same 
outer dimensions even if module mount hole positioning 
pitches M1.M2 and M3 are varied and main terminal 
wiring connection positioning pitch T1 and T2 are differ- 
ent Thereby, their terminals can be manufactured using 
a same rJe machine, and which are then punched 
according to their respective wiring connection posi- 
tions. Thereby, internal layout within the module can be 
specified independent of the wiring connection position- 
ing. 

Rg. 41 shows a bottom surface of resin case com- 
ponent 108 of the module embodying the invention. In 
the bottom surface of the resin case 1 08, there are pro- 
vided module mount hole 1 101 disposed in the periph- 
ery thereof, and insert rut 1102 integrated therein for 
receiving abort which fastens resin case 108 with mod- 
ule bottom metal substrate 205. A shaded area depicts 
a region which is bonded with the bottom metal sub- 
strate using sificone adhesiva In this embocfimerrt of the 
invention, resin thickness t1 on a major side L2 is pro- 
vided thicker than resin thickness 12 on a minor side L1, 
where L1<L2 and t1>t2. Direction of warp or deflection 
after assembly of the module is greatest in vertical 
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directions of the module. In particular, in the module 
structure having space 209 inside the module according 
to the invention, since deformation in the side waO of the 
module is extremely small, it is required to consider only 
to suppress deformation in the bottom surface of mod- 5 
ule's bottom metal substrate 205. With respect to defor- 
mation in the vertical directions of the module, a 
direction of height of the case serves as a beam. By 
increasing the thickness of this beam, deformation of 
the module is suppressed. Further, when considering w 
precision of manufacture of the case as a component, it 
wasrfrfficurttoaligndmensionsof L1 both in the periph- 
ery and in the center in a resin case having a large- 
sized frame, hence, spacers were inserted afterward 
and heated for their correction. However, by increasing 1S 
the thickness of tl than t2 according to the invention, 
precision of components improved substantially. Fur- 
ther, since an increased thickness of tl has been 
secured, an increased area of bonding between resin 
case 108 and bottom metal substrate 205 is secured, 20 
thereby eliminating defects of peel-off of resin case 108 
from bottom metal substrate 205 due to heat cycles or 
the Eke. 

Rg.42 shows a bottom surface of the module 
embodying the invention. Module mount hole 1201 is 2s 
provided in bottom metal plate 205, and fastening screw 
1202 for mechanically fastening resin case 108 of 
Fig.38 with bottom metal plate 205 is also provided as 
disposed in the periphery of the metal plate. According 
to the present invention, bote 1 1 6 for mechanically fas- 30 
tening resin case 108 are disposed in both Directions of 
the major side and the minor side of the module. 
According to the conventional method whereby bolts 
are disposed only in the direction of the major side of 
the module, restraint only in one direction is secured. 35 
Thereby, after completion of the module, when the bot- 
tom surface of the module is warped, for example; in 
convex along the major side thereof, the minor side 
thereof is caused to deform in concave, thereby causing 
the directions of respective warp to be in the opposite 40 
directions. According to this embodiment of the inven- 
tion, however, the directions of respective warp along 
both the major side and the minor side in the bottom 
surface of the module can be coordinated in the same 
direction, for example, in convex. Thereby, reliability of 45 
adhesive bonding improves substantially, and occur- 
rence of crack in the ins ul a t ion substrates inside the 
module can be prevented. 

Fig. 43 is a plan view of an IGBT module of the 
invention which is mounted in an inverter for use for so 
driving a motor, and its equivalent circuit Normally, 
IGBT modules 1301 are disposed in inverted arrange- 
ment such that their intermediate points B can be wired 
using a single intermediate point wiring 1303. Collector 
side wiring 1 302 and emitter side wiring 1304 are wired 55 
respectively with U, V and W phases to supply from 
power source 1 309. Signal tines from each IGBT mod- 
ule 1301 include gate wiring 1305. emitter sense wiring 



1306 and collector wiring 1307. Since the insulation 
groove or insulation wad of the invention is provided only 
in two directions in the periphery of each signal line as 
described above, freedom in the directions of lead-out 
wiring increases. On the other hand, provision of plane 
113 which is in contact with the bottom surface of the 
main terminals is limited only to an area where the con- 
nection fastening nuts for fastening main terminals 1 01 , 
102 are fixed, and does not extend to the periphery of 
the mooVile. Thereby, since a part of intermediate point 
wiring 1303 can be disposed apart from the module, its 
heat dissipation effect can be improved. Further, since a 
distance in height at least a1 is secured for all insulation 
wail from the upper surface of a main terminal, freedom 
of layout of wiring is not Bmited. 

Rg.44 shows an example of packaging IGBT mod- 
ule 1301 using parallel plate wiring according to the 
invention. For this module of the invention, even if an 
electrode plate is disposed all over the upper surface of 
the module, electrical insulation is not impaired. 
Thereby, after packaging the module most densely, col- 
lector side wiring 1402 and emitter side wiring 1404 can 
be provided in plate form which covers between the 
modules. Further, by interposing a single electrical insu- 
lation layer on collector side wiring 1402 and emitter 
side wiring 1404, respective wirings U 1405, V 1406 and 
W 1407 to the load are disposed on the upper surface of 
the module. Thereby, since wiring areas are reduced, 
the size of the inverter can be reduced. Use of parallel 
plate wirings of the invention can reduce inductance 
due to wiring. 

Fig.45 shows an example of arrangement of mod- 
ules in which modules of the invention are connected in 
parallel, and its equivalent circuit When a current 
capacity to control is increased, a control capacity of an 
inverter can be increased by connecting modules in par- 
allel. Inter-module wiring is provided in the same way as 
in Rg.44 by wiring collector side wiring 1 502 and emitter 
side wiring 1504 such as to cover the upper surface of 
the modula Load wiring 1503 to the load is disposed on 
the upper surface of the module via a single insulation 
layer interposed on collector side wiring 1502 and emit- 
ter side wiring 1 504. Thereby, a compact-sized and low- 
impedance inverter can be provided which is capable of 
controlling a current capacity twice the rating of the 
module. 

According to one aspect of the invention, a compact 
and thin module can be provided since an adequate 
creep distance required for a high voltage module can 
be secured within a small area. Further, according to 
another aspect of the invention, since an adequate 
creep distance from the upper surface of main terminate 
can be secured, parallel plate wirings become possfcte 
which substantially reduce inductance due to wiring. 
According to still another aspect of the invention, since 
modules can be assembled with their terminals having 
the same form, internal module arrangement can be 
determined independentty of positioning of module ter- 
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nrtinal wiring connections, thereby reducing the number 
of components and cost of dies. According to still more 
aspect of the invention, since quantities of warp and 
deformation of the module can be reduced, a large- 
sized, La, a large capacity module can be provided. 5 

Claims 

1 . A power semiconductor module having a substrate, 

a plurality of semiconductor devices mounted on w 
the substrate, a plurality of insulation substrates 
disposed between said plurality of semiconductor 
devices and said substrate, and a circuit unit which 
includes an even number of said insulation sub- 
strates to be operated in parallel within the module, is 
and said unit having external terminals correspond- 
ing thereto. 

2. A power semiconductor module according to claim 

1, wherein circuits on said plurality of insulation 20 
substrates are interconnected with terminal con- 
nections, and planes of terminals through which a 
main current flows are overlaid in a vertical direc- 
tion of the module, and wherein a sum of projected 
heights projected to the side of the module of por- 2s 
tions from each terminal to the circuit on the insula- 
tion substrate is higher than a height of one of the 
planes of terminals which is in the upper side of the 
module. 

30 

3. A power semiconductor module according to claim 
1, having an S-type bend in part of connection 
which connects between each terminal and its 
associated circuit on the insulation substrate, 
wherein positions of terminal connections on each 35 
insulation substrate are the same, and respective 
positions of respective terminal connections are 
arranged in the center portion of the module which 

is parallel to a side of the module which is parallel to 
the cfirection of the S-type bend. 40 

4. A power semiconductor module according to claim 
1, wherein control wiring which interconnects 
between respective insulation substrates is wired in 
the periphery of the module on the outside of a 45 
main terminal wiring, and a wiring connecting 
between control terminals wired in the periphery is 
arranged such that a (firection of current flow in the 
control wiring becomes perpendicular to a direction 

of current flow in the main terminal, and that the so 
control wiring forms a loop circuit within the module. 

5. A power semiconductor module according to claim 
1, wherein electrical insulation between respective 
terminals is secured by a spacer of insulating mate- 55 
rial. 

6. A power semiconductor module having: a base 



substrate; an insulation substrate provided on one 
surface of said base substrate; a plurality of wiring 
circuits formed on one surface of said insulation 
substrate; a plurality of semiconductor devices 
mounted on at least one of said plurality of wiring 
circuits, said wiring circuits bang electrically con- 
nected with external connection terminals associ- 
ated thereto, and the other surface of said 
insulation substrate without mounting said plurality 
of semiconductor devices being bonded to the base 
substrate, wherein 

said plurality of semiconductor devices 
mounted on at least one of said plurality of wir- 
ing circuits are arranged substantially at a 
same distance from an epicenter of an external 
terminal wiring connection on another one of 
said plurality of wiring circuits without mounting 
said plurality of semiconductor devices; and 
further comprises: 

a second auxiliary terminal wiring which is 
electrically connected to a same wiring circuit 
as said external terminal wiring connection, 
and which is disposed between a wiring of said 
external terminal wiring connection and a first 
auxiliary terminal wiring which is electrically 
connected to a different wiring circuit 

7. A power semiconductor module according to claim 
6, wherein said wiring circuit without mounting said 
plurality of semiconductor devices is an emitter wir- 
ing circuit, said first auxiliary terminal wiring is a 
gate wiring circuit and said second auxiliary termi- 
nal wiring which is electrically connected to the 
same wiring circuit as said external terminal wiring 
connection is an auxiliary emitter wiring circuit 

8. A semiconductor module comprising: 

a base substrate; 

an insulation substrate provided on one surface 
of said base substrate; 

a plurality of wiring circuits formed on a surface 
of said insulation substrate; 
a plurality of semiconductor devices mounted 
on at least one of said plurality of wiring cir- 
cuits; 

said plurality of wiring circuits being electrically 
connected with external connection terminals 
corresponding thereto; 

another surface of said insulation substrate 
being bonded to the surface of said base sub- 
strate; wherein 

a plurality of said insulation substrates are 
arranged symmetrically with respect to a virtual 
center fine across said base substrate; 
said plurality of semiconductor devices are 
arranged symmetrically with respect to a virtual 
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center line across said insulation substrate; 
wherein 

a maximum or a minimum radius of each circu- 
lar arc connecting between each center of each 
one of said plurality of semiconductor devices s 
and a center of the emitter terminal connection 
on an emitter wiring circuit is within ±1 0% of an 
average radius therebetween; and 
a gate terminal wiring is disposed in a periph- 
eral portion of the module on the outside of an 10 
emitter auxiliary terminal wiring. 

9. A power semiconductor module according to claim 
6, wherein lateral sides of any adjoining two semi- 
conductor devices are not aligned linearly. 75 

10. A power semiconductor module having: a base 
substrate; an insulation substrate provided on one 
surface of said base substrate; a plurality of wiring 
circuits formed on one surface of said insulation 20 
substrate; a plurality of semiconductor devices 
mounted on at least one of said plurality of wiring 
circuits; said plurality of wiring circuits being electri- 
cally connected to external connection terminals 
corresponding thereto; and the other surface of 25 
said insulation substrate being bonded to said base 
substrate, wherein 

emitters' external connection terminals and col- 
lectors' external connection terminals are 30 
arranged parallel with a major side of the mod- 
ule and linearly on an outer surface of the mod- 



11. A power semiconductor module having: a base 35 
substrate; an insulation substrate provided on one 
surface of said base substrate; a plurality of wiring 
circuits formed on one surface of said insulation 
substrate; a plurality of sernkxxiductor devices 
mounted on at least one of said plurality of wiring 40 
circuits; said plurality of wiring circuits being electri- 
cally connected to external connection terminate 
corresponding thereto; and the other surface of 
said insulation substrate being bonded to said base 
substrate, wherein 45 

emitters' external connection terminate and col- 
lectors' external connection terminals are dis- 
posed within ±20% of a length of a major side 
of the module from a center line in the direction so 
of the major side of the module 

12. A power semiconductor module having: a base 
substrate; an insulatxxi substrate provided on one 
surface of said base substrate; a plurality of wiring 55 
circuits formed on one surface of said insulation 
substrate; a plurality of serniconductor devices 
mounted on at least one of said plurality of wiring 



circuits; said plurality of wiring circuits being electri- 
cally connected to external connection terminals 
corresponding thereto; and the other surface of 
said insulation substrate being bonded to said base 
substrate, wherein 

a length in the direction of a minor side of the 
module is substantially proportional to a cur- 
rent rating of the module, and 
a length in the cfirection of a major side of the 
module has substantially a same dimension. 

13. A power semiconductor module having: a metal 
substrate in the bottom of the module; a side wall 
and an upper surface of the mockile made of a 
resin; a plurality of semiconductor devices mounted 
within the module; and a plurality of insulation sub- 
strates disposed between said metal substrate and 
said plurality of semiconductor devices, wherein 

a creep distance between the metal substrate 
in the bottom of the module and any terminal 
on an upper surface of the module which is 
wired to an external electrode is longer than a 
total distance of a height between a lower sur- 
face of the module which is in contact with a 
bottom surface of a fastening bolt which fas- 
tens the module to a heat dissipation fin and 
said upper surface of the module plus a short- 
est distance between said side wall of the mod- 
ule and any component which is at a same 
potential as the metal substrate, and plus a 
shortest distance between the side wall and 
said any terminal on the upper surface of the 
module, or wherein 

a creep distance between any two terminals 
which must be electrically isolated is provided 
longer than a shortest distance therebetween. 

14w A power semxxxxiuctor module according to claim 
13, having a module structure comprising: a step 
provided in a surface of resin, lower than the sur- 
face thereof, in contact with a bottom surface of any 
two terminals which must be electrically isolated; 
and an insulation wall provided in a surface which is 
lower than the surface of resin in contact with the 
bottom surface of terminate, wherein 

a distance between an upper surface of said 
insulation wall and a virtual plane drawn across 
both upper surfaces of said any two terminals 
is longer than a value of cfistance which is rec- 
ognized as a valid insulation distance to with- 
stand a voltage applied therebetween from 
said virtual plane so that a creep cfistance 
between any two terminate or between these 
terminals and the metal substrate in the bottom 
does not change. 
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15. A power semiconductor module accord ng to claim 
13, securing a creep distance between the bottom 
metaJ substrate and a terminal or between any two 
terminals by forming a groove or protruding a wall in 
periphery thereof in part of a side wall or on an s 
upper surface of the module, wherein 

said groove or wall is formed only in two direc- 
tions in the periphery of a terminal. 

w 

16. A power semiconductor module having: a metal 
substrate in the bottom of the module; a side wall 
and an upper surface of the module made of resin; 
at least two or more semiconductor devices 
mounted within the module; insulation substrates is 
disposed between said metal substrate and said at 
least two semiconductor devices; and main termi- 
nals of the module provided at more than two posi- 
tions for each polarity, wherein 

20 

respective positions of wiring connections on 
respective terminals of the same polarity are 
changed with respect to their same form of 
respective terminals. 

25 

17. A power semiconductor module having: a metal 
substrate in the bottom of the module; a side wall 
and an upper surface of the module made of resin; 
and an insulation substrate disposed between a 
plurality of semiconductor devices and said metal 30 
substrate within the module, wherein 

a thickness of resin case which constitutes the 
side wall of the module has a thicker side wall 
in the direction of a major side of the module 35 
than in the Direction of a minor side thereof. 

18. A power semiconductor module having: a metal 
substrate in the bottom of the module; a side wall 
and an upper surface of the module made of resin; 40 
and an insulation substrate disposed between a 
plurality of semiconductor devices and said metal 
substrate within the module, wherein 

the bottom metal substrate and the resin case 4s 
which constitutes the side wall of the module 
are fastened together using resin adhesive in 
conjunction with a bolt, said boft being dis- 
posed in the periphery of the module on aD 
sides thereof. so 
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